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Construction Kinks 


Ba. NOTHER low-head hydroelectric sta- 
Ps, tion using large single-runner Francis 
turbines is under way on the Mississippi 
River. Unlike Keokuk, with its ideal, prac- 
tically level foundation of limestone, the 
Coon Rapids plant above Minneapolis, de- 
scribed on page 77, is built on piles driven 
through various thicknesses of glacial drift 
to impervious clay, hardpan or a cemented 
gravel. This condition brought about nu- 
merous problems, not the least of which 
were the excavation difficulties encountered 
under the power house. Driving piles 
through the ice and getting the drivers off 
just in time to see the support float away 
are escapes contractors like to recount. 
Little danger, however, existed from oc- 
cupying positions on 5 to 7 ft. of ice, and 
toward spring the drivers, as a safety meas- 
ure, were usually located on piles. New 
methods of form-building never seem to be 
exhausted. At Coon Rapids steel ribs, used 
for the curved spillway. section, were 
turned over and utilized for the straight 
‘portions of the retaining dam. When the 
openings left in the spillway section to pass 
the water during the construction period 
are closed the vertical ribs will carry stop- 
log grooves for the closing cofferdam. With 
the ever-increasing price of lumber and the 
enormous quantities used in building draft- 
tube and scroll-case forms it is commend- 
able that the forms in this development 
_ were made collapsible. So easily were they 
put together after once being erected that 
two days’ time only was required for re- 


No Relief for Errors in Bid 


OURT aid was invoked without success 
\in New York recently in order to allow 
a contractor to amend clerical errors 
claimed to have been made in his bid. The 
plea was that if the correct figures had been 
used the bid would have been the lowest, 
d the aggrieved contractor asked for an 
injunction to restrain the Public Service 
ommission from awarding the contract to 
another bidder until his bid could be 
amended and considered. The procedure 
vas a most extraordinary one, and the 
urt, very properly, it seems to the Engi- 
ing Record, denied the petition for an 
nection. The abuses of such a court 
edent, if established, can readily be 
gined. A brief extract will show that 
ie court fully appreciated the possible mis- 
f. In his decision, the judge said: “I 
1 of the opinion that the granting of the 
plication would establish a precedent 
hich would enable a future bidder on a 
tract for public work to deliberately 
ecify what would seem unusually large 
rices for certain items, with the idea that 
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while if he was the second lowest bidder he 
would claim that a mistake had been made 
and demand the right to correct his bid so 
as to make him the lowest bidder. In the 
absence of fraud the court cannot substi- 
tute itself for the Public Service Commis- 
sion, which has full power under the statute 
to act in the awarding of contracts. Public 
interest requires that bidders be held to 
their bids in order that delays may be ob- 
viated or minimized in the prosecution of 
public improvements.” 


Short Highway Courses 


N illustration of the possibility of util- 
ae the extension system of education 
for other than purely cultural purposes is 
afforded by the short courses in highway en- 
gineering which are to be given soon in 
several colleges and universities in the East 
and the Middle West. The scheme combines 
lectures and field demonstrations during a 
period of two weeks in January or Febru- 
ary and is designed to bring engineers, con- 
tractors, inspectors and highway officials to 
a clearer conception of the needs of present- 
day roadmaking. As the brief instruction 
can merely direct the student’s energies in 
the right path, it will be largely rudiment- 
ary, but its need is almost in inverse pro- 
portion to its elementary character. What 
is to be especially noted is the whole-hearted 
co-operation between the State highway au- 
thorities and the colleges. The course at 
the University of Illinois, intended espe- 
cially to equip prospective county-road su- 
perintendents for service under the new 
road law, is typical of the courses an- 
nounced by other schools. The engineering 
faculty of the university and the staff of 
the State highway engineer are to combine 
in carrying out the schedule. An effort is 
to be made to impart instruction in a man- 
ner which, while carrying proper knowledge 
of detail, will hold the interest of the stu- 
dent, and to this end periods for discussion 
are wisely made a feature of the plan. In 
all the colleges the courses have been as 
widely advertised as the resources have 
permitted, and no tuition will be charged. 
The scheme has such merit that it is quite 
safe to predict that it will spread to many 
institutions besides those which have now 
adopted it, and that for those who have the 
leisure more advanced courses will ulti- 
mately be arranged. 


Isolation of Transformers 


HE burning on Dee. 11 of the Portman 

Shoals hydroelectric development on the 
Seneca River, 10 miles from Anderson, S. 
C., was mentioned in a short note in the 
Current News Section of this journal on 
Dec. 20. The output of the plant was 5500 
hp, and the accident has seriously crippled 
cities and factories depending upon the sta- 
tion for power. The generator of a run- 
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away unit burst and a flying piece struck 
and ignited a transformer. The burning oil 
spread quickly to all parts of the genera- 
tor room, threatening the lives of the oper- 
ators, one of whom, saturated with flaming 
oil, jumped into the icy waters of the stream 
to save himself. Another operator was 
struck by a flying piece of the generator 
and was seriously hurt. Three others es- 
caped without injury. There were in the 
plant five units, two of which are damaged, 
due to the runaway and at least two others 
due to the burning oil. This, of course, 
is not the first disaster of the kind. 
It is pertinent, therefore, that wrongful 
conditions be pointed out. If the gen- 
erator did not have sufficient strength, 
according to the design, to stand the 
runaway speed during a time sufficient 
to stop the unit, the manufacturer was at 
fault. If the bursting, however, was due 
to defects in the material, it might be diffi- 
cult to say whether any blame attached. 
For the conflagration, however, responsibil- 
ity would seem clearly to rest with the de- 
signer, who failed to separate the hydraulic 
equipment from the electrical and did not 
provide adequate means for draining the 
burning oil. It cannot be too strongly em- 
phasized that transformers should be 
placed in fireproof compartments, and that 
each compartment should have large sumps 
and drain pipes, so that the burning oil can 
be quickly discharged into the stream below. 


World’s Longest Tunnel 


N its journey toward completion the Cats- 

kill Aqueduct passed another milestone 
on Jan. 12, when the last pair of tunnel 
headings on the 110 miles of line from the 
Ashokan reservoir to the terminal shafts in 
Brooklyn were holed through. But the 
meeting of the two bores is significant from 
another viewpoint. It signalizes the open- 
ing of the longest stretch of continuous tun- 
nel in the world. The clear length from 
end to end of this pressure-tunnel portion 
of the great conduit is 18 miles, or 6 miles 
longer than the Simplon, the holder of the 
former record for length. Just before he 
closed the switch which fired the last blast, 
the Hon. John Purroy Mitchel, New York’s 
new mayor, said some very complimentary 
things about the engineers and contractors 
to whom the city is indebted for the rapid 
and efficient prosecution of the work on the 
new water-supply system. That this praise 
was well earned is apparent to anyone who 
has visited the great Ashokan and Kensico 
dams, descended 1100 ft. into the gigantic 
siphon tube, which plunges under the Hud- 
son River, or walked through mile after 
mile of the cut and cover aqueduct and steel 
pipe. As a result of Monday’s blast there 
is an unobstructed opening for the free flow 
of water from one end of the aqueduct to 
the other, and the danger of a water famine, 
such as threatened the city a few years ago, 
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is now definitely removed. In an emergency 
Catskill water could be delivered to New 
York at very short notice. Now that the 
waterway opening is cleared the work 
remaining is the completion of the tun- 
nel linings and the installation of the 
regulating works at the shafts. Thus the 
aqueduct has developed, in a few years, 
from an irregular black line on a sheet of 
tracing paper to a hundred-mile tube of 
concrete and steel. In reality engineers do 
more amazing feats than the Hindoo ma- 
gicians who make mango trees grow before 
one’s eyes. 


Uniformity in Road Laws 


NY one who has endeavored to carry in 

mind the main features of the highway 
laws, even in the States where satisfac- 
tory statutes exist, will realize that a large 
and. much-needed task lies before those 
members of the American Highway Asso- 
ciation and of the American Bar Associa- 
tion who are working on a joint committee 
to secure uniformity in highway legisla- 
tion. While uniformity for uniformity’s 
sake might have some justification, the 
chief advantage will come in having the 
best practice receive wide acceptance and 
written into the less satisfactory laws. 

The plan of the committee is to obtain 
the assistance of the Office of Public Roads 
and of all State highway departments in 
a compilation of all laws on the subject of 
roads. It is not the intention to make a 
digest of this legislation. The statutes of 
the different States will be recorded in their 
entirety and when the compilation is com- 
pleted the Governors of the various States 
will be asked to request the Legislature to 
appoint committees to meet with the officials 
of the highway and bar associations. The 
committee has, however, laid down certain 
basic principles which will be recommended 
for enactment by all the States. Among 
these are the establishment of non-parti- 
san boards, which will select all engineers 
in direct charge of roads with a view to 
excluding the chief road officials from poli- 
ties, and the selection of road chiefs for 
periods determined only by their usefulness. 

While the use of the material which will 
thus be made available to the Legislature 
may not always be the best, it is morally 
certain that the work will have a large and 
beneficial influence. The two associations 
are to be congratulated on their courage 
in entering upon the work. That it may be 
crowned with success beyond present ex- 
pectations is the wish of all students of 
the highways problem. 


Should Railroad Grade Crossings 
Always Be Avoided? 


“CN HOULD railroad grade crossings al- 

ways be avoided?” is a question 
raised by Mr. L. W. Duffee on page 85. He 
points out that frequently in the case of 
small railroads built chiefly for freight, ele- 
vation above or depression below existing 
lines means disproportionate cost of con- 
struction and awkwardness in reaching in- 
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dustries alongside. He therefore concludes 
that in such a case grade crossings would 
be justified. 

The Engineering Record ventures no 
opinion as to the merits of the particular 
case he cites. When extension of yards 
would serve to shut out a competitor, rail- 
road managements are not above dreaming 
of large additions to take care of ex- 
pected increases in business. That the ex- 
isting roads at Meridian, Miss., were will- 
ing to pay for the bridges over their prop- 
erty would indicate that their plans for ex- 
pansion were genuine. If so, their yards 
of the future would have been cut in two 
by the new line, and the inefficiency of 
operation of fragmental yards in congested 
urban districts has been so clearly demon- 
strated that there was ample justification 
for the fight offered by the existing roads 
at Meridian against the proposal of the new 
line. 

Naturally the density of traffic upon the 
proposed and the existing lines would be a 
considerable factor in settling the matter. 
If the traffic on all were sparse the case 
would be the more favorable to the grade- 
crossing plan. 

It is probably true that the grade cross- 
ings proposed at Meridian would, if con- 
structed, have been far less dangerous than 
many now in existence. As a general prop- 
osition, howeyer, the railroad grade cross- 
ing is doomed and the construction of new 
ones should be discouraged. The crossing 
is bound to be an element of danger, and 
at those protected only by signals chances 
are taken every day, resulting now and 
then in accidents. Where there are de- 
rails, freight trains frequently run through 
them, overturning engines and killing 
When the crossing is flanked by 
yard tracks and buildings the view is ob- 
scured and the danger increased. 

The difference in attitude toward grade 
crossings in level and rough country is 
worth noting. In the Middle West a high 
embankment is considered a waste of money 
and grade crossings are abundant even at 
points of heavy traffic. In the East, how- 
ever, where heavy grading is accepted as an 
incident of railroad building, large sums 
are spent even to keep conflicting streams 
of traffic on the same road from crossing 
each other at junction points. The avoid- 
ance of grade crossings is not such a tre- 
mendous undertaking where there is a 
proper spirit of compromise, so that as one 
road is raised the other is depressed. Short, 
steep momentum grades, too, are not highly 
objectionable. Industries, moreover, can 
usually be reached by elevated tracks on 
trestles or by low-level auxiliary tracks 
alongside the embankment. The objection 
offered to elevated tracks on account of the 
danger of derailment would have little 
standing in a comparison of the alternate 
plans. 

While, as above stated, the data at hand 
are not sufficient to say the final word as 
to the merits of the situation at Meridian, 
Miss., there need be no hesitancy in laying 
down as a fundamental proposition that 
grade crossings are undesirable and that 
plans in general should proceed on the basis 
that they should be avoided. 


Climatological Year as Basis for 
Water Reports 


N the compilation of Water Supply 

Paper 300, entitled “Water Resources of 
California,” the United States Geological 
Survey has departed from the long-estab- 
lished custom of compiling its discharge 
tables on the basis of the calendar year by 
substituting a climatological year extend- 
ing from Oct. 1 of a calendar year to 
Sept. 30 of the succeeding calendar year. 
It is understood that it is now the purpose 
of the Water Resources Branch of the Sur- 
vey to publish data on this same basis for 
all the drainage basins lying to the west 
of the Rocky Mountains. This change is 
being made to facilitate the work of the 
Water Resources Branch itself in compil- 
ing the data.and to make the publications 
of the Survey more convenient and useful 
to the public. : 

Throughout a large portion of this area 
the calendar year terminates in the middle 
of what is called the ice period of the 
rivers, making it necessary to compute the 
runoff at the end of the calendar year for 
the first part of the ice period without full 
information for the whole period. Such 
procedure necessarily results in difficult and 
inaccurate assumptions for the incompleted 
ice period. The use of a climatological 
year obviates this difficulty and brings the 
entire period within one table. 

By subdividing the United States into 
an eastern and western region and using - 
the calendar year for the eastern division 
and the climatological year for the western 
the work of compiling stream-flow data for 
publication is spread over a longer period, 
thereby equalizing the work and increasing 
the output of the employees of the Water 
Resources Branch. At the same time this 
plan insures more permanent employment 
of the office men and, therefore, better re- 
sults, with more prompt publication of the 
data, which will be of advantage to those 
who use the publications. 

State engineers and other State officials 
who find occasion to incorporate in their 
annual reports data on stream flow in their 
States will be able to obtain the final com- 
pilations of the work of the Water Re- 
sources Branch in time to use them for 
this purpose. This will, of course, be of 
advantage to those interested in the State 
reports. 

The termination of the climatological 
year chosen for the basis of compiling 
stream-flow data corresponds quite closely 
to the closing of the agricultural year 
throughout the arid regions. There is also 
quite a marked decrease in the aridity of 
the climate west of the Rocky Mountains 
shortly after Oct. 1; and the runoff during 
the months of October, November and De- 
cember becomes, where storage reservoirs 
are employed, available for irrigation in 
the succeeding calendar year. For this 
reason stream-flow data compiled on such 
a year will be in acceptable shape for irri- 
gation engineers in making studies of 
storage and of normal-flow conditions of 
rivers. 

The proposed change, therefore, from 
the calendar year to the climatological year 
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is one of considerable importance not only 
to the Geological Survey itself but to the 
public generally. It has so many advan- 
tages when applied to the arid regions that 
the plan is to be heartily commended. 


Conservation in Engineering 
Education 


HE announcement that the engineering 

departments of Harvard University and 
the Massachusetts Institute of Technology 
are to be combined under a single admin- 
istration will be welcome news to all friends 
of educational conservation. While the 
formal agreement between the authorities 
was reached last week, the success of these 
negotiations was forecast when President 
Maclaurin outlined the benefits of the pro- 
posed co-operation in the latter part of 
1912. Comment upon the advantages of the 
plan was printed in the Engineering Record 
of Dec. 28, 1912, and the passage of time 
has merely strengthened the conviction that 
the program now adopted will greatly in- 
crease the efficiency with which the engi- 
neering resources of the two institutions 
will be utilized. 

The first principle in the agreement is 
that each institution is to remain entirely 
unaffected in name, organization, property 
rights and in all other ways not specifically 
mentioned, each having control of its own 
financial resources and being free to lay 
down such regulations with respect to the 
courses leading to its own degrees as it sees 
fit. The co-operation is limited to the fields 
of mechanical, electrical, civil, sanitary and 
mining engineering, all of which require 
large investments in laboratories and equip- 
ment and considerable expense in their 
maintenance. In the interests of efficiency, 
convenience, the concentration of effort and 
the elimination of waste it is agreed that all 
the work of education and research in 
these branches of applied science shall be 
carried on within the buildings of the Insti- 
tute now being erected on its new site in 
Cambridge. For the maintenance and 
equipment of these laboratories and the 
payment of salaries, the University agrees 
to set aside practically all the funds that it 
would otherwise be free to devote to these 
branches. The Institute will devote for 
the same general purpose all the funds 
that it now holds for work in these depart- 
ments. Both institutions also agree that 
their respective measures of support may 
be increased if disposable funds are avail- 
able. The moneys allotted will be expended 
and the work conducted under the direction 
of the president of the Institute, an annual 
report being made to both corporations. 
Harvard will also have a voice in the selec- 


tion of succeeding presidents of the Insti- 


tute. 

The technical faculty will be enlarged by 
the addition of professors, assistant and 
associate professors from the engineering 
departments of one institution to those of 
the other, so that these instructing officers 
will have the same titles and rank in the 
University that they hold in the Institute, 
and vice versa. The enlarged faculty will 


lay down the engineering courses under the 
regulations of each institution, and unless 
the regulations are different, the courses 
leading to the same degrees will probably be 
identical. Temporary arrangements will be 
made by which some of the benefits of the 
agreement may be realized prior to the 
completion of the Institute’s new plant. 

The further working out of the agree- 
ment will be followed with much interest by 
engineers. No extended comment is needed 
to demonstrate the economic possibilities of 
such an arrangement, since the “load-fac- 
tor” of institutional laboratories and equip- 
ment is notoriously low on account of the 
small proportion of time that the apparatus 
units are in actual service. President 
Lowell of Harvard well says that “both in- 
stitutions will gain by the arrangement; 
that which gains the more probably cannot 
be determined, and certainly has not been 
computed; for the leading motive of the 
authors of the agreement has lain in an- 
other plane. Both institutions exist for the 
promotion of instruction and research. Each 
is a means to an end larger than itself— 
the welfare of the community as a whole. 
That both acting in concert can further 
this end better than either working alone 
cannot be doubted. By the combination of 
resources and momentum a school ought to 
be maintained unequalled on this continent, 
and, perhaps, in the old world.” 

The engineering professions may well ap- 
plaud conservation of this sort, which adds 
so much to the efficiency with which exist- 
ing and forthcoming facilities can be used 
and which points the way toward a centrali- 
zation of effort in the direction of research 
which cannot but redound to the welfare 
of society. 


Ford’s Profit-Sharing Plan 


T was to be expected that the announce- 

ment by Henry Ford, the Detroit automo- 
bile manufacturer, of his plan by which 
$10,000,000 of profits will be distributed to 
his employees and a minimum wage of $5 
a day established would cause a consider- 
able disturbance in the labor market at 
Detroit and much comment in the news- 
papers and among the people at large. The 
total sum involved is not only very large, 
but the minimum wage so far exceeds pres- 
ent minima in the same and similar indus- 
tries that inquiry as to its effect is neces- 
sary on the part of all industrial managers, 

From the standpoint of profit-sharing the 
plan has been generally indorsed. Con- 
troversy has raged principally about the ad- 
visability of so high a minimum wage. As 
to this, the general proposition may be laid 
down that any wage in excess of what em- 
ployees reasonably should earn, judged by 
the standards of the day, cannot perma- 
nently endure, simply because human na- 
ture, even in an organization like Mr. 
Ford’s, will inevitably demand full value 
for what is given. In other words, the 
tendency in the Ford plant will inevitabl? 
be to eliminate all employees who are not of 
five-dollar grade. That is already fore- 
shadowed in the announcement of the Ford 
company that men who are not giving satis- 
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factory service in one department will be 
shifted to another, and again to another, 
until work for which they are adaptable 
has been found. There is no need to em- 
phasize the fact that there are many who, 
measured by present-day standards, will 
not in any department fully earn a five- 
dollar wage. It is likely, then, that the 
Ford company, eventually, is not apt to be 
the loser by setting so high a wage. The 
efficiency of its employees will unquestion- 
ably increase, the ésprit de corps will be 
unrivaled and will insure the perpetuation 
of the organization. 

From the standpoint of other employers, 
particularly in the same industry, the move 
is apt to be very disturbing for a long 
time. It is difficult to see how labor trou- 
bles in the Detroit district will be avoided 
during the next few years, for the factory 
workers to a man will be seeking to rise 
to the Ford level. 

That the plan has been well thought out, 
in some respects at least, is patent to those 
familiar with efforts to increase the ef-. 
ficiency of men and who have studied profit- 
sharing plans. Profit sharing, as the term 
is generally understood—namely, a division 
of profits among employees at the end of 
the year—is a doubtful method of increas- 
ing efficiency and bringing about satisfac- 
tory industrial conditions. Under that pian 
all men in the same grade are rewarded 
alike. The fact that one may be efficient 
and the other inefficient makes no differ- 
ence in their share in the profits. More- 
over, the holding out of the prospect of 
profit-sharing at the end of the year is not 
a sufficient incentive to efficiency. The re- 
ward is too far removed. 

It is for these reasons that many firms 
have decided against profit-sharing plans 
and instead have adopted a bonus system. 
This has advantages at just the points 
where the profit-sharing system is weak. 
It rewards men solely upon their perform- 
ances, and two men in the same grade, one 
efficient and one inefficient, do not receive 
the same compensation, as under the ordi- 
nary profit-sharing scheme. Moreover, the 
men find their reward in their pay en- 
velopes every week, and each bonus offers 
an incentive to maintain production at the 
same rate or increase it, if the man is not 
working up to a reasonable output, taking 
into consideration physical limitations. 

Mr. Ford undoubtedly has recognized 
the drawbacks, but nevertheless has chosen 
a profit-sharing rather than a bonus 
scheme. He sees, however, that an award 
held out a year hence is an unsatisfactory 
incentive, and his distribution will, there- 
fore, be made at intervals of two weeks. 

The thoughts here advanced are well 
worth while bearing in mind in studying 
the distribution of wealth created in in- 
dustry to those who have had a share in 
producing it. Unless the increase makes 
for contentment, ésprit de corps and higher 
efficiency it has not been well spent. It is 
safe to say that Mr. Ford’s plan, as far as 
his own organization is concerned, is an 
excellent move. The only reason to ques- 
tion it is as to its effect upon other indus- 
tries in Detroit. Its operation, in this re- 
spect, will naturally be closely watched. 
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Jordan River Dam on Vancouver Island 


Hollow Reinforced-Concrete Structure, 126 Feet High, to Impound 
612,000,000 Cubic Feet of Water for Vancouver Island Power Company 


HOLLOW reinforced-concrete dam of 
Atte deck-slab and buttress type, having 

a maximum height of 126 ft. and a 
length of 756 ft., exclusive of 135 ft. of 
earth embankment, is the principal feature 
of the project to increase the capacity of 
the Vancouver Island Power Company’s 
Jordan River plant to 25,000 hp by the addi- 
tion of a 13,000 hp unit to the existing in- 
stallation. The new dam will impound 
612,000,000 cu. ft. of water, equivalent to 
10,185,000 kw-hours, which, with the Bear 
Creek storage, is considered sufficient to 
run the enlarged plant continuously on a 
50 per cent load factor throughout the dry 
season. 


EXISTING PLANTS 


The power plant is located at the mouth 
of the Jordan River, on the Straits of Juan 
de Fuca, 37 miles by water from the city of 
Victoria, B. C. Work on the development 
of the system was begun in 1909, and the 
first unit of 6000 hp was started in 1911. 
In 1912 a second unit of the same capacity 
was added, making the capacity of the plant 
12,000 hp. Electrical energy is transmitted 
at 60,000 volts to Victoria, and a tie line 
connects this plant with the reserve steam 
plant at Brentwood Bay. Until last year 
the water supply for the Jordan River plant 
was taken direct from the main stream and 
carried through 514% miles of flume to 
a forebay reservoir, whence steel pipe lines 
led to the power house. The necessary 
storage capacity was obtained by the con- 
struction of a hydraulic fill dam on Bear 
Creek, which formed a reservoir with a 
capacity of 327,900,000 cu. ft. The features 
of design and construction of this initial 
development were described in the Engi- 


neering Record of Oct. 19, 1912, page 436. 


On account of the increased load on the sys- 
tem it was decided to increase the capacity 
of the Jordan River plant, and the addi- 
tional storage has been provided by the 
construction of a reinforced-concrete dam, 
of the Ambursen type, the subject of this 
article. The dam is located about 1200 ft. 
below the old diverting dam at the head of 
the flume. Surveys had shown that at this 
point a rock foundation was available. 

The total reservoir capacity of the Jor- 
dan River system, for which only the Bear 
Creek and Jordan River dams have been 
completed at present, is shown in the table 
in the next column. 

In deciding upon the type of dam to be 


constructed for the storage increase the 
choice lay between a hollow, reinforced- 
concrete dam and a solid concrete dam with 
either a straight or curved axis. The rock 
foundation was considered entirely suitable 
for either type. Test pits had shown that 
the average depth of bedrock below the 
ground surface was only 6 to 8 ft., and 
the maximum depth was about 20 ft. 
The transportation of materials, supplies 
and plant was an important item affecting 
the choice of the type of dam, as all freight 
had to be transported on scows from Vic- 
toria to Jordan River, there transferred to 
cars and taken 2 miles over an inclined 
cable tramway, then transferred again and 
hauled by horses or a small locomotive over 


RESERVOIR CAPACITIES OF THE JORDAN RIVER SYSTEM 


Cu. £6 
Bear Creek (completed) . Wa emis see 327,900,000 
Jordan River (completed)............ 


Jordan Meadows (proposed).......... 980,000,000 
Alligator Creek (proposed)........... 352,000,000 
Wye Creek (proposed)......-.-....-- 241,000,000 


2,512,900,000 
287,000,000 


extremely rough and broken and is almost 
uniformly covered with a heavy growth 
of timber and underbrush. There are many 
precipitous rocky slopes and a few small 
swamps near the summits of the moun- 
tains which surround the basin. The geo- 
logical formation of the northern part of 
the basin is a coarse slate, but the south- 
ern part is a very hard trap rock contain- 
ing seams of serpentine. The latter forma- 
tion underlies the dam. 

A rain gage was installed at the mouth 
of the Jordan River in 1908, from which 
continuous records are available, and in 
1911 a second gage was established at Bear 
Creek, 12 miles inland from the power 
house and 13800 ft. above sea level. In 
these gages lamps are used for melting the 
snow, which falls so that the figures repre- 
sent the rain equivalent of the 6 to 10 ft. 
of snowfall which usually begins late in 
December. The snow lies on the ground 
until May or June. The precipitation is 
shown in the following table: 


RAINFALL IN INCHES 


a Jordan River Bear Creek 
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5 miles of track located above the flume. 
Sand and crushed rock for concrete could 
be manufactured at the dam site by open- 
ing a quarry and installing crushers and 
rolls. 

Time of construction was also an impor- 
tant consideration, for the company was 
very desirous of storing a good part of the 
1913 spring runoff. Under these condi- 
tions a hollow-type dam was considered 
most suitable, and in August, 1912, a con- 
tract was let to the Puget Sound Bridge & 
Dredging Company, of Seattle, Wash., rep- 


resenting the Ambursen Hydraulic Con- - 


struction Company, for the construction of 
a hollow reinforced-concrete dam. 


RAINFALL AND RUNOFF 


The storage capacity that would be af- 
forded by dams of different heights built 
at this point was made the subject of a 
careful study before the height adopted 
was decided upon, and in connection with 
this study all the rainfall and runoff data 
available for this district were collected. 
The watershed of the entire Jordan River 
system covers about 67 sq. miles, of which 
55 sq. miles, lying at elevations between 
1200 and 3000 ft., are tributary to the 
reservoir just completed. The country is 
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The average rainfall over the entire wa- 
tershed varies from about 70 in. per year 
at the power house to more than 100 in: 
per year at the higher elevations. 

By comparison with other rainfall rec- 
ords in the district it was found that 1911 
was a minimum year. During this year 
the average runoff tributary to the Jordan 
River reservoir was 250 sec.-ft. : 


FEATURES OF THE DAM 


The total length of the dam is 891 ft., 
which includes 450 ft. of bulkhead or non- 
overflow section, 306 ft. of spillway and 
135 ft. of earth embankment with rein- 
forced-concrete core wall. The spillway is 
located well toward the east end of the 
dam and has a freeboard of 8 ft., which 
provides for a flood discharge of 25,000 
sec.-ft. The curved crest and rollway apron 
of the spillway discharge the water clear 
of the toe of the dam and into a natural 
channel, down which it flows to connect 
with the main river channel, about 200 ft. 
below the dam. 
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Forms for Inclined Concrete Deck 
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Details of Buttress and Deck Reinforcement 
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Downstream Face of Jordan River Dam, Showing Temporary Flume 


The buttresses are spaced at 18-ft. cen- 
ters. They are 12 in. thick at the top and 
increase by steps at intervals of 12 ft. to 
42 in. in thickness at the bottom of the 
deepest buttress. The front or upstream 
edge of the buttresses is built on a slope 
of 1 to 1 and the downstream edge has a 
batter of 1 to 4 to a point 18 ft. below the 
crest, from which point it is vertical. 
Heavy haunches or shoulders are built near 
the upstream edge, and these support the 
decks. The buttresses are heavily rein- 
forced horizontally with %-in. square rods, 
but are reinforced vertically only along 
the edges and in the haunches. The tallest 
buttress has a height of 126 ft. above the 
flooring. Reinforced tie beams connect the 
buttresses at various elevations to give 
lateral strength. In these tie beams the 
reinforcement is continuous through each 
three consecutive buttresses. 


DECK SLABS 
On the crest of the bulkhead section of 


the dam there is provided a walkway 6 ft. 


wide, which is protected by suitable hand- 
rails and connected at each end of the spill- 
way by stairs with a second walk which 
passes entirely through the dam. The decks 
or faces of the dam were built after the but- 
tresses were poured. They are supported on 
the buttress haunches and are keyed to the 
buttress projection by two bonding grooves 
left in the concrete. The deck thickness va- 
ries uniformly from 15 in. at the top to 55 
in. in the deepest part of the cutoff trench 
excavated in the bedrock along the up- 
stream toe of the dam. The horizontal re- 
inforcement consists of 7-in. square rods 
on 4-in. centers in the lower portions and 
4'%-in. centers after reaching a level 45 
ft. below the crest. Alternate rods are bent 
up to form a truss and to take the shear. 
The vertical reinforcement consists of 5%- 
in. square rods. The reinforcement in the 
decks and buttresses is not connected in 
any way. 

Only two sizes of reinforcing rods were 
used in the entire structure, these rods be- 
ing % and % in. square. The %%-in. rods 
were only used for hooks and light ver- 
tical reinforcing, the %-in. rods being spe- 
cified for the greater part of the work. 


All concrete in the decks, cutoff, beams 
and rollway was mixed in the proportion ot 
1:2:4. In the buttresses the mixture was 
1:3:6. The total quantity of concrete-in 
the dam is 21,185 cu. yd., for the reinfore- 
ing of which 380 tons of steel were used. 


FLUME INTAKE 


The old flume followed the eastern bank 
of the river, but because the spillway was 
on that side it was necessary to relocate 
about 600 ft. of flume just below the dam 
on the west bank of the river. About 600 
ft. below the dam a concrete arch with an 
80-ft. span was built across the river to 
bring the relocated flume over to a junction 
with the old line on the east bank. 

Preliminary work.at the dam, such as 
clearing the site and constructing camps, 
occupied about a month, and on Sept. 1, 
1912, the work of excavating for the foun- 
dations was commenced. The profile of the 
site is such that work could be prosecuted 
on. any part of the structure, except in 
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Crossing Stream Bed 


five bays in the river bed proper, irre- 
spective of flood conditions of the stream. 
This fact proved of the utmost value dur- 
ing the late fall and early spring months, 
when the river was subject to sudden and 
destructive floods. 

On exposure the rock underlying the site 
proved to be free from faults and well 
suited for foundation purposes, and it was 
not difficult to secure a satisfactory cutoff 
for the entire length of the structure. The 
possibility of water getting under the cut- 
off was greatly reduced, it was thought, by 
the fact that the grain of the rock, and 
therefore any seams that might exist, ran 
parallel to the axis of the dam and nearly 
vertical. The only serious difficulty en- 
eountered in the foundation work was the 
impossibility of building tight cofferdams 
on the loose gravel and boulders in the 
river bed. 


FOUNDATIONS 


The excavation to bedrock for the foun- 
dations was not made over the entire base 
of the dam, but trenches were put down 
along the lines of the buttresses and cutoff 
wall. Part of the material excavated from 
the foundations was removed by the aid 
of two stiffleg derricks with 50 and 60-ft. 
booms handling l1-cu. yd. skips, but prac- 
tically all of the excavation behind the cof- 
ferdams in the river bed and on the steep 
west bank was done by hand work with 
wheelbarrows. Most of the material exca- 
vated was piled on the upstream side of 
the cutoff trench. 

A quarry was opened on the hill just 
above the east end of the dam, the quarry 
equipment consisting of one 8 x 12-in. 
steam-driven air compressor operating two 
Ingersoll-Rand drills. 

The crushing plant was located just below 
the quarry, from which the rock was con- 
veyed to the crushers in 1-cu. yd. Koppel 
cars. The crushing plant consisted of two 
No. 2 Aurora jaw crushers, one rotary 
sand screen and two 16 x 30-in. Su- 
perior sand rolls. The crushed rock and 
sand were stored in bins, which fed by 
gravity into the mixing plant. Near the 
charging deck, where cement was measured 
into the mixers, storage was provided for 
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Flume Intake Details and Gate Chambers 


about 5000 sacks of cement. The major 
portion of the mixing was done by a 1-cu. 
yd. Chicago mixer placed so as to discharge 
into l-cu. yd. center-dump buckets stand- 
ing on small flat cars. These cars were 
pushed by hand under the cableway by 
which the empty bucket was deposited on 
the car and the full one picked up. Con- 
crete was dumped from the buckets on the 
cableway into hopper bottom cars running 
on tracks on top of the buttress forms, and 
was distributed as desired from these cars. 


CONCRETE FORMS 


The forms used were of the standard 
sectional type as developed by the Ambur- 
sen company. They were substantially 
built of heavy timber frames and 2-in. 
facing. One full set sufficed to build the 
entire dam. The bottom forms for the 


decks were supported on purlins, the ends - 


of which rested on shoulders on the but- 
tress haunches. The top deck forms were 
secured in place by “strong backs” or 
trussed beams bolted down to the but- 
tresses by means of 114-in bolts spaced 2 
ft. apart. These bolts were placed in pipes 
when the buttresses were poured. They 
were threaded on both ends and were pro- 
vided with a nut on the embedded end, so 
that after the removal of the forms the 
bolts could be unscrewed and removed and 
the pipe filled with grout. Nearly all of the 
form sections were placed by the cableway, 
which also handled the concrete. 

The cableway had a span of about 950 ft. 
The standing line was a 244-in. cable on 
which a heavily built carriage was oper- 
ated by a two-spool steam-driven Flory en- 
gine. The work done by this cableway is 
said to have been very creditable and very 
little time was lost on account of repairs. 

Warehouses were provided at the head of 
the railroad for storing 75,000 sacks of ce- 
ment. The cement was taken by horse 
cars from the warehouses to the cableway, 
which conveyed it to the mixing plant. All 
cement used in the dam was tested in a 
field laboratory as well as by an independ- 
ent testing laboratory. All the cement 
proved to be satisfactory before it was 
used, although two or three shipments had 
to be stored to overcome “greenness.” 


FLOOD DAMAGE 


It was planned to take advantage of the 
low stage of the river and get the but- 
tresses which stand in the river bed con- 


creted above the water line before the 
floods came. Various causes delayed the 
progress of the work and not until Sept. 
30 was the mixing plant in service. A 
cofferdam had been built and pouring was 
at once commenced on the footings of the 
two buttresses in the stream bed, between 
which provision was made for diverting 
the flow of the river. Good progress was 
made up to Nov. 10, at which time a heavy 
flood swept down the river and destroyed 
most of the cofferdam, turned over the first 
section of one of the buttresses and car- 
ried away the forms from a second but- 
tress. 

For several months construction was 
confined to those parts of the foundation 
work above the high-water line. During 
December and January there was a snow- 
fall of about 9 ft., which made transporta- 
tion difficult, hindered the operation of the 
quarry and delayed the progress of the 
work generally. On Feb. 18 work was re- 
sumed in the river bed, although a good 
deal of cofferdamming and consequent 
heavy pump installation were required. 

The work on the buttresses was suffi- 
ciently advanced to turn the river through 
the temporary channel between two of them 
by the first of March. Work was then 
started on the other buttresses in the deep 
portion of the river channel in an effort 
to get the dam completed to a sufficient 
elevation to permit a permanent closure in 
time to store some of the spring runoff. 


TEMPORARY FLUME 


No serious delays occurred in the spring 
months, and by the latter part of April 
the decks were in place up to El. 1310. 
Three weeks were allowed for the concrete 


to set, and on May 22 the flow in the tem-. 
porary pass through the dam was closed off. 


by means of stoplogs. Meantime the 
permanent intake opening had been com- 
pleted and, pending the construction of the 
concrete bridge, a temporary flume con- 
nection was provided to maintain the water 
supply to the power house. This flume is 
shown in one of the accompanying photo- 
graphs, crossing the stream bed immedi- 
ately below the dam to join the old flume 
line. All of the flume shown in this view 
will be abandoned when the permanent 
flume construction is in service. 

At the time of closure the river flow was 
about 300 sec.-ft. and under this flow the 
reservoir gradually filled until the water 
behind the dam reached El. 1310, at which 
level it was held by opening the outlet 
gates. Owing to an unusually cold spring 
and late rains there was more than the 
usual stream flow in the early summer, and 
this was allowed to fill the reservoir as fast 
as the concrete in the deck hardened. By 
the middle of July the water had reached 
El. 1338.2, after which the runoff decreased 
so that the water level fell about 7 ft. by 
Aug. 1. On Oct. 10 the water level stood 
at El. 1354, or 6 ft. below the spillway 
crest. On that date more than 4 in. of 
rain fell within twenty-four hours, and the 
lake rose rapidly, until on Oct. 11 the water 
flowed over the spillway at a depth of 3.1 
ft. At this depth the rate of runoff was 
more than 6000 sec.-ft. 

Under the maximum head there are only 
a few very small leaks through the decks, 
and these are showing signs of gradual de- 
crease. 


Cost DATA 


The total cost of the dam was $543,696. 
The unit cost of all the concrete placed, in- 
cluding reinforcement, was $25.66 per cu- 
bic yard. The cost of cement and reinforc- 
ing steel was $110,621. The total cost of 
21,184 cu. yd. of concrete in forms, includ- 
ing all labor and concrete material, but not 
the cost of forms, was $190,903, or $9.03 
per cubic yard. 

The original design up to the completion 
of the-first development of 6000 hp was 
done under the direction of Mr. Wynn 
Meredith, M. Am. Soc. C. E., of the firm 
of Sanderson & Porter, of San Francisco 
and New York. The subsequent extensions 
have been carried out under the direction 
of Mr. G. R. G. Conway, M. Inst. C. E., 
chief engineer of the company, with the 
assistance of Mr. G. M. Tripp, engineering 
superintendent, and Mr. C. A. Lee, as res- 
ident engineer. The dam was built by the 
Puget Sound Bridge & Dredging Company, 
of Seattle, as attorneys for the Ambursen 
Hydraulic Construction Company, Mr. 


agente 


Faust being superintendent and Mr. Rock- — 


well engineer for that company. 
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Plan and Elevation of Hollow Type Dam 


JANUARY 17, 1914 


ENGINEERING RECORD 


65 


Merger of Harvard and Massachusetts Institute 
of Technology 


Two Great Educational Institutions Agree to Co-operative Plan for Conduct 


of Courses in Mechanical, 


ARVARD UNIVERSITY and the Mas- 
FP lescnnsett Institute of Technology are 
to combine resources in what is prob- 
ably the greatest educational merger ever 
effected. By a coincident vote on Jan. 9 the 
overseers of the university and the corpora- 
tion of the institute agreed to co-opera- 
tion in the conduct of the four courses lead- 
ing to degrees in mechanical, electrical, 
civil and sanitary engineering, and mining 
engineering and metallurgy, and in the pro- 
motion of research in those branches of ap- 
plied science. 

The basis of the agreement which has 
been entered into by the two great institu- 
tions is that the university and the insti- 
tute are to remain absolutely unaffected in 
name, organization, title to and rights over 
property or in any other way not specific- 
ally mentioned in the agreement. Each is 
to retain complete control of its own finan- 
cial resources. Each is to be free to lay 
down such regulations as it likes with re- 
gard to the courses leading to its own de- 
grees. 
CO-OPERATION LIMITED 


The co-operation is definitely limited to 
the great fields of engineering—mechanical, 
electrical, civil and sanitary and mining— 
all of which involve great expense in the 
maintenance of extensive and costly labora- 
tories. In the interests of efficiency and 
convenience, for the concentration of effort 
and the elimination of waste and lost mo- 
tion, it is agreed that all the work of educa- 
tion and research in these important 
branches of applied science shall be carried 
on within the buildings of the institute to 
be erected on its new site in Cambridge, 
bordering on Massachusetts Avenue and 
the Charles River Embankment. These 
buildings are being erected, arranged and 
equipped to surpass all others in fitness for 
their purpose. 

For the maintenance and equipment of 
these laboratories and the payment of 
salaries, the university agrees to set aside 
practically all the money that it would 
otherwise be free to devote to education of 
this type. Technology, on its part, agrees 
to devote to the same general purpose all 
the funds or the income of funds that it 
now holds for carrying on work in the de- 
partments of engineering that have been 
named, and both institutions agree that 
their respective measures of support may 
be increased from time to time if disposable 
funds are available. 

Since the work of education and research 
in these great fields of education is to be 
carried on within the walls of Technology, 
it is provided—and this is for business con- 
venience—that the money available shall be 
expended through the bursary of the in- 
stitute and the work carried on under the 


_ executive control of the president of the in- 


stitute. As an evidence of his responsi- 
bility in directing this work, the president 
is to make an annual report to both corpora- 
tions, and when in future the corporation 
of the institute is selecting its president, 
the president of Harvard is to be invited to 
sit with the committee that recommends 
the appointment of that president. 


Electrical, 


Civil and Mining Engineering 

The faculty of Technology shall be en- 
larged by the addition to it of the profes- 
sors, assistant professors and associate 
professors of the four departments in the 
Harvard Schools of Applied Science, who, 
retaining their titles and privileges in Har- 
vard University, will acquire the corre- 
sponding titles and privileges in the insti- 
tute. Similarly, the officers of correspond- 
ing rank in the four departments in the in- 
stitute will acquire the same titles and priv- 
ileges in the university. The work of in- 
struction and the laying down of courses 
leading to degrees is intrusted to the en- 
larged faculty. 


FACULTY APPOINTMENTS 


Within the departments of mechanical, 
electrical, civil and sanitary and mining 
engineering, both corporations will be con- 
cerned with the appointments of the in- 
structing staff, but neither corporation will 
be called upon to make any payment of 
salary to a professor whose appointment 
has not been formally approved by it. The 
enlarged faculty will have a double duty 
to perform: Under regulations from the 
institute’s corporation it will lay down en- 
gineering courses that lead to the degrees 
of the institute, and under regulations from 
the university will lay down comparable 
courses that lead to the degrees of the uni- 
versity; unless the regulations of the two 
corporations are different, the courses lead- 
ing to both degrees will almost certainly be 
identical. 

Since the work is to be done within the 
New Technology at Cambridge, the full ac- 
complishment of the co-operation must wait 
a couple of years till the structures are fin- 
ished. It is understood, however, that tem- 
porary arrangements will be made whereby 
some of the benefits of the agreement may 
be gained without so much delay. 

The agreement is now complete, since it 
has been formally adopted and approved 
by the properly constituted authorities. 


PRESIDENT LOWELL’S COMMENT 


From the point of view of Harvard Uni- 
versity, its president, A. Lawrence Lowell, 
makes the following statement, which shows 
the broadness of spirit with which his in- 
stitution enters into the agreement: 

“Friends of Harvard University and the 
Massachusetts Institute of Technology— 
and they have many friends in common— 
have long deplored the rivalry of two 
schools of engineering competing on op- 
posite sides of a river. The disadvantages 
have been made even more evident by the 
decision of the institute to cross the 
Charles; but the difficulty of making an ar- 
rangement satisfactory to both parties has 
hitherto been very great, and in fact, the 
obstacles to a combination between rival 
institutions supported by and serving the 
same community have been one of the grave 
defects of higher education in America. 
This difficulty seems at last to have been 
overcome by a plan for co-operation in the 
conduct of one school of engineering and 
mining. The plan is favorable to both in- 
stitutions. Both gain thereby. Which 
gains the most can probably not be deter- 


mined, and certainly has not been com- 
puted; for the leading motive with the au- 
thors of the agreement has lain in another 
plane. Both institutions exist for the pro- 
motion of instruction and research. Each 
is a means to an end larger than itself— 
the welfare of the community as a whole. 
That both acting in concert can further 
this end better than either working alone 
cannot be doubted. By the combination of 
resources and momentum a school ought to 
be maintained unequalled on this continent 
—and perhaps in the Old World.” 


VIEWS OF PRESIDENT MACLAURIN 


In behalf of Technology, President Mac- 
laurin speaks thus of its acceptance of what 
it deems to be a movement that is for the 
benefit of the people: 

“The advantage of co-operation between 
the institute and Harvard have long been 
the subject of discussion. With reference 
to the present plan of co-operation, I beg to 
make the following statements: 

“The Honorable Richard Olney, in a care- 
fully considered legal opinion, says: ‘Co- 
operation between educational institutions 
for a legitimate purpose common to both is 
certainly not illegal and in this case wholly 
desirable. The agreement seems to me to 
spell co-operation and nothing more, in- 
volves no merger of corporations or their 
property interests, and can be carried into 
effect without violation of charters or of 
the trusts upon which funds are held.’ 

“Its adoption by the corporation is unani- 
mously recommended by the executive com- 
mittee. 

“Tt is approved by each of the last five 
presidents of the Alumni Association, and 
by the president-elect. The president of 
the Alumni Association, Mr. Frederic H. 
Fay, writes: ‘I heartily commend this ef- 
fort on your part, and I believe that when 
it is found that an agreement, such as you 
have proposed, can be carried out to the 
satisfaction of the authorities of both in- 
stitutions, you will find that you have the 
great body of Tech Alumni behind you, 
and that you will have added to the prestige 
and usefulness and strength of the in- 
stitute.’ 

“Tt is approved by all the heads of the 
institute’s departments that are directly af- 
fected and by all the other senior mem- 
bers of the faculty who have been consulted 
with reference to it. 

“It leaves the institute so entirely inde- 
pendent that it can appoint any officer or 
instructor that it pleases; it can appropri- 
ate its funds as it pleases, and it can make 
any regulations that it pleases with refer- 
ence to the courses leading to its degree. 

“T believe that the adoption of this agree- 
ment is a forward step of very great im- 
port to the future of education in this 
country. Incidentally, it would be of great 
advantage to each of the co-operating insti- 
tutions, but it would be especially signi- 
cant in the emphasis that it would give to 
the fact, so often overlooked, that educa- 
tional institutions do not exist for them- 
selves and that their sole duty is to make 
the best provision that can possibly be 
made for those who are rising to manhood 
and for their successors. Under the 
scheme of co-operation here proposed it 
would be possible to maintain a much 
stronger school of applied science than 
either institution alone could furnish, and 
it would be possible to keep that school 
practically unrivalled in America—and, in- 
deed, in the world.” 
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Specifications for Factory Timbers 


Dissenting Views as to Relative Value of Abundance of Resin and 
Low Percentage of Sapwood for Retarding Dry Rot in Mill Buildings 


EPLORING the prevalence of dry rot 
De the timbers of mill buildings, espe- 

cially those in which there is high arti- 
ficial humidity, Mr. F. J. Hoxie, of Phenix, 
R. I., proposed remedies at the recent an- 
nual meeting of the American Society of 
Mechanical Engineers. The January 
“Journal” of the society, from which these 
notes are taken, contains his paper and the 
discussion thereon. Mr. Hoxie’s main con- 
tentions are that the percentage of resin 
in hard pine can be taken as an index of 
its power of resistance to rot, that from 
3 to 5 per cent of resin should be the low 
allowable limit, and that inability to get 
hard pine in suitable quantities with this 
minimum percentage makes antiseptic 
treatment of the important parts of a mill 
imperative for safety. He presents nu- 
merous illustrations of rotted timbers, the 
decay in each case being in parts where 
the percentage of resin was low. He also 
cites an experiment where a block of long- 
leaf pine was sawed in two, the resin being 
boiled out of one piece and left in the other. 
At the end of a year, when the specimens 
were dried and weighed, it was found that 
while the piece from which the resin had 
been removed had lost 8 per cent in weight, 
the other had lost only 2 per cent. 

Mr. Hoxie regards it as unfortunate that 
the American Society for Testing Mate- 
rials calls all good material longleaf pine 
and all poor material shortleaf, regardless 
of botanical characteristics. This arbitrary 
distinction, in his estimation, makes the 
positive identification of longleaf pine lum- 
ber difficult or impossible. Among his il- 
lustrations are rotted beams which may be 
either longleaf or shortleaf. In eight 12 


x 16-in. beams of average good quality. 


samples taken for resin analysis showed 
that in no case was there 5 per cent of resin 
throughout. In order to get this maximum 
percentage he thinks a price of $115 per 
1000 ft. would have to be paid instead of 
the $59 actually paid. Hence he concludes 
that suitable material to resist fungus 
growth is no longer available at reasonable 
prices, and that preservative treatment 
must therefore be employed. 


ABSTRACT OF COMMENT BY VON SCHRENK 


To these conclusions Dr. Herman von 
Schrenk, consulting timber engineer, of 
St. Louis, takes emphatic exceptions. In 
his estimation the percentage of resin has 
little to do with the question. He believes 
it to be almost wholly a matter of getting 
the proper percentage of heartwood; he 
contends that there is still plenty of suit- 
able hard pine available from the South, 
and that it is simply a question of proper 
specifications and inspection to see that 
timber high in sapwood is excluded. His 
discussion is more fully abstracted below. 

In regard to resin as a factor in prevent- 
ing decay, the only proof which the author 
presents is a cultural test made with two 
pieces of pine wood. To one familiar with 
the behavior of fungi, the cultural proof 
submitted is of no value whatever. The 
reasons fungi grow on one piece and not 
on another may be due to the moisture con- 
tent, to the density of the wood fiber, to 
the presence or absence of various com- 
pounds, and to many other factors not re- 
ferred to by the writer. 


Numerous investigations have been made 
from time to time with relation to resin 
and fungus activity. Personally, I am of 
the opinion that the only function which 
resin has with respect to fungus growth is 
to act as a waterproofing material. A piece 
of pine wood having 10 per cent resin 
would be very resistant to moisture. Resin 
of itself is not an antiseptic. This may be 
illustrated by the fact that even in the 
most resinous trees wood-destroying fungi 
grow with the greatest ease. 


Too MucH SAPWooD 


It is unquestionably true that recent ex- 
perience in various mill construction build- 
ings has shown an increasing percentage of 
timbers infected with dry rot. I consider 
it wholly unnecessary, however, to ascribe 
this to such a problematic factor as the 
resin content. I have personally examined 
a good many of the recent cases, and in- 
variably find that where such decay has 
taken place it has been in timbers having 
a high percentage of sapwood. It has been 
recognized for many years that the rela- 
tive resistance to decay of sapwood and 
heartwood is very marked. Sapwood de- 
cays rapidly and heartwood comparatively 
slowly. The proposal of the author to con- 
sider the resin percentage as a standard, 
and his attempt to figure the value of a 
piece of timber for use on the per cent 
of resin as a basis, is so extreme that I 
hardly consider it worthy of refutation. 
At best, the engineering profession should 
go slowly before accepting so radical and 
unproved a suggestion, based as it is upon 
a comparatively small number of labora- 
tory experiments, which, so far as can be 
judged from the paper in hand, failed to 
take into consideration the numerous con- 
flicting factors usually eliminated in such 
cultures. 


MEANING OF “NON-RESINOUS” 


The second point brought out by the au- 
thor is that the hard pine timbers now 
available are practically all non-resinous. 
The impression given by the paper is that 
years ago there were a lot of timbers which 
come under the group of resinous timbers, 
but that these have now disappeared. A 
possible change which might have taken 
place in the resinous character of the pines 
in the last 10 or 15 years is that during 
that period many of the longleaf pines 
have been tapped for turpentine, and this 
possibly may have given rise to an impres- 
sion that removing the turpentine from the 
pine tree makes it less resinous. This is 
certainly true so far as certain portions 
of the sapwood are concerned, but it is not 
true of the heartwood. 

The resinous materials of the pine tree 
which are removed from the tree during 
the turpentining operations come from the 
liquid portions contained in the sapwood 
resin canals. I am inclined to believe that 
Mr. Hoxie drew his conclusions from a 
comparatively small number of sappy 
pieces; at least I would characterize his 
generalization as decidedly without’ foun- 
dation. The variable in the resin content 
of pine timbers is obviously very great, and 
this is well shown in the analysis which 
he presents. 

Mr. Hoxie admits that there are still 
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available four species of pine in the South, 
but he makes the very strong statement 
that hard-pine lumber 12 in. square or 
larger is not obtainable in suitable quan- 
tities without antiseptic treatment. Ac- 
cording to the last report of the United 
States Bureau of Corporations for 1913 
there are still standing in the Southern 
States 384,000,000,000 ft. of yellow pine 
timber, which the Bureau of Corporations 
classifies into longleaf pine and shortleaf 
pine. Of the 384,000,000,000 ft., 232,000,- 
000,000 ft. are longleaf and 152,000,000,000 
ft. shortleaf pine. 


LONGLEAF AND SHORTLEAF PINE 


Assuming that the longleaf pine avail- 
able is typical longleaf pine, no proof has 
been brought forward by the author of 
the paper that this is less fit for structural 
use than it was fifteen years ago. The dif- 
ficulty of obtaining such longleaf pine tim- 
bers as were available fifteen years ago is, 
as the writer admits, largely a matter of 
specifications. The author criticises the 
American Society for Testing Materials’ 
specification for adopting the terms “long- 
leaf pine” and “shortleaf pine,” going to 
the extent of characterizing this specifica- 
tion as “arbitrary.” I would call attention 
to the fact that the classification “longleaf” 
pine and “shortleaf” pine is universally 
adopted not only by scientific authorities, 
but also by the lumber’ trade. The United 
States Bureau of Corporations, the 
Georgia-Florida Sawmill Association (an- 
nual cut about 800,000,000 ft.) and the 
Yellow Pine Manufacturers’ Association 
(annual cut about 4,500,000,000 ft.) all di- 
vide yellow pine into longleaf and shortleaf 
pine. 


DISTINCTION BETWEEN THE TWO GRADES 


It was for the reason that these commer- 
cial classifications are practically standard 
that the American Society for Testing Ma- 
terials indorsed them. The problem of dis- 
tinguishing between these two grades is a 
difficult one. I thoroughly concur with 
Mr. Hoxie that the line of demarcation be- 
tween the two is very vague, and almost 
impossible to establish with any degree of 
accuracy. The American Society for Test- 
ing Materials suggests that the distinction 
between the two be based on the density, 
that is, on the number of growth rings 
per inch. This distinction may not be the 
best, but can be used when liberally in- 
terpreted where a botanical distinction is 
out of the question. Attention is further- 
more called to the fact that the distinction 
on the basis of density, made by the Ameri- 
can Society for Testing Materials, was 
largely from the standpoint of strength. 
No specific mention is made as to lasting 
power, because that factor was taken care 
of in the specification for bridge materials 
by separate clauses. Attention is called to 
the standard specification for structural 
timber adopted by the American Society 
for Testing Materials in 1907, in which 
for No. 1 longleaf pine stringers the speci- 
fication calls for timbers which show not 
less than 80 per cent heart on each of the 
four sides, measured across the sides any- 
where in the length of the piece. For caps 
and sills the specification calls for 85 per 
cent heart on each of the four sides. 

In other words, the American Society for 
Testing Materials’ specification calls atten- 
tion to the necessity of getting denser tim- 
ber, and timber free from sap. Similar 
specifications are in force in the American 
Railway Engineering Association. The de- 
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cayed specimens shown by Mr. Hoxie are 
largely sapwood, and would not begin to 
fulfil either of these two specifications. 


LACK OF PROPER INSPECTION 


The chief trouble with a good many of 
the failures has doubtless been that the 
purchaser has not given the timber the 
proper inspection. My main contention is 
that the important factor in the lasting 
of yellow pine in buildings is not the resin 
content of the timber, but the percentage 
of sapwood allowed on such timbers. In 
a recent building failure which I had to 
examine personally, in which a large num- 
-ber of timbers had failed, the failure was 
in timbers with a high percentage of sap- 
wood; in the practically all-heart timbers 
there was only one case of decay, and that 
one was very slight. 

If one specifies longleaf pine timbers for 
buildings, and strictly adheres to the speci- 
fication, limiting the amount of sapwood, 
one will find that the timbers available will 
give just as good service, from the stand- 
point of length of life, as those furnished 
in the past. Many a producer of lumber 
has been remiss in furnishing sappy tim- 
ber under a heart specification, and too 
much stress cannot be laid upon the neces- 
sity for care in not only specifying, but 
also inspecting every piece of pine timber 
intended for a building in which both 
strength and lasting qualities are impor- 
tant factors. 


AUTHOR’S REPLY 


In answering Dr. Von Schrenk, Mr. 
Hoxie claims that it has been a matter of 
common knowledge for centuries that resin 
retards the progress of rot. He has, there- 
fore, not attempted to prove that it has 
such powers. He concedes that its water- 
proofing quality is its chief deterrent 
against rot, but thinks more information 
on the subject is desirable. What interests 
him especially, however, is the amount of 
the substance necessary to render mill tim- 
ber reasonably safe for use under average 
conditions, and in the conclusions he has 
reached laboratory experiments have been 
the least important factor. Beams which 
have seriously rotted in place in several 
mills under average mill conditions have 
been used for most of his experiments. He 
differs with Dr. Von Schrenk as to the per- 
centages of sapwood and heartwood in the 
decayed beams illustrated. He states that 
the percentages of sapwood were small, 
that more heartwood than sapwood was 
decayed and that the timber was _ fine- 
grained, conforming to the specifications 
for longleaf pine. Conceding that true 
longleaf pine is the same as it ever was, 
he holds that the name is being used for 
other varieties hardly distinguishable, and 
that the prevalence of these varieties, 
which decay rapidly under humid mill con- 
ditions, makes it necessary to apply anti- 
septic treatment to all pine used for the 
columns or beams of mills. 


THE 50,000 HP purchased from the On- 
tario Power Company at Niagara Falls by 
the Hydroelectric Commission was not suf- 
ficient to cover a recent peak load on the 
system. The automatic circuit breakers 
opened and caused an interruption in the 
service for fully five minutes. As a con- 
sequence of the expansion of business the 
peaks of the various municipalities over- 
lapped. A repetition of the incident has 
been forestalled by adjusting the breakers. 
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Filling and Emptying of Reservoirs 

Graphical Solution of Problems Connected with Non-Prismatic 

Reservoirs under Varying Conditions of Inflow and Outflow 
By THEODORE R. RUNNING 


Assistant Professor of Mathematics, University of Michigan, Ann Arbor 


ROBLEMS connected with the filling 

and emptying of non-prismatic reser- 

voirs under varying conditions of in- 
flow and outflow furnish very interesting 
applications of graphical methods. The 
fundamental equation of fluctuation of the 
water level is 

(S—D)dt=Adh 

where S = inflow or supply, D = outflow or 
discharge; A = area of water surface of 
reservoir; ¢ = time, and h = depth. (See 
“Weir Experiments, Coefficients and For- 
mulas,” by Horton, Water-Supply and Ir- 
rigation Paper 200, page 154; and “A 
Mathematical Analysis of the Influence of 
Reservoirs Upon Stream Flow,” by Seddon, 
“Proceedings,” American Society of Civil 
Engineers, Vol. 24, Part 2, page 559.) 

In general S will be a function of t; D 
and A will be functions of h. As the form 
of the above equation is generally such that 
the complete primative can be obtained 
only as an infinite series, it is desirable to 
have an approximate solution which does 
not involve a great deal of labor. 

It is the purpose of this paper to show 
how graphical methods may be applied to 
the solution of the differential equation 
dh/dt = (S —D)/A, and made to yield re- 
sults correct to a close approximation. (For 
other graphical methods of solving differen- 
tial equation see Runge’s “Graphical Meth- 
ods,’ Columbia University Press, and “Sur 
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Fig. 2 


un Integrateur des Equations Differen- 
tielles Ordinaires,” by Roiloff, Bulletin de 
Académie Imperiale des Sciences de St. 
Petersbourg.) The numerical approxima- 
tions to the solutions of differential equa- 
tions are laborious and the probability of 
error great. (For a comparison of differ- 
ent numerical approximations see “Beitrag 
zur Naherungsweisen Integration Totaler 
Differentialgleichungen,” by Kutta, “Zeit- 
schrift fiir Mathematik und Physik,” Vol. 
46, page 435.) 

The following solution depends upon the 
fact that the area under the derived curve 
is equal to the corresponding ordinate on 
the integral curve, so that in Fig. 1, for 
example, the area OP FR is represented by 
the ordinate Q R. 

_If in the differential equation 


dh/dt =f (t, h) 


we assign particular values to h and plot 
the equations thus obtained with dh/dé as 
ordinate and ¢ as abscissa we shall obtain 
a group of curves as shown in Fig. 2, in 
which figure the curves are designated by 
the corresponding values of h. 

Suppose the initial condition to be 
h=h, where t=0. From P,, the point 
where the curve h, crosses the axis of 
dh/dt, draw a curve, which, for an ap- 
proximation may be a straight line, to P, 
on the curve h, such that the area under the 
curve P,P, shall be equal to h,—h.. The 
abscissa of the point whose ordinate is h, 
on the integral curve is t,. From P, draw 
a line to P, on the curve h, such that the 
area under the line P, P, shall be equal to 
h,—h,. This process continued will give 
any desired number of points on the in- 
tegral curve. The co-ordinates of such 
points given on the figure are (¢,h,), 
(t,,h,), (t,h,), etc. For a close approxi- 
mation squared paper ruled to one-twen- 
tieth of an inch is very serviceable in plot- 
ting this curve. 

The following problem, which came up in 
engineering practice, will serve as an illus- 
tration: It was found by a series of ob- 
servations, over the particular region in- 
volved, that the limits of water discharged 
into a reservoir basin during a flood could 
be represented by the expression S = 1800 ¢, 
until a maximum was reached, after which 
the water discharged into the basin could 
be represented by S = 1740 —240 t, where 
S represented acre-feet per day and ¢ 
time in days. The spillway was 40 ft. long 
and the water discharged over it could 
therefore be represented by 132 h’” acre- 
ft. per day. By the application of the 


ait 
Moximumh=2.92 Ft. 
t=4.50 Days 
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method of least squares to the data. ob- 
tained by a careful survey of the region it 
was found that the water surface of the 
reservoir could be represented closely by 
A =11h*/+ 1000 acres. 

The problem was to find the maximum 
value of h and the corresponding value of t, 
and to obtain values of h at frequent inter- 
vals up to the maximum, together with the 
corresponding values of t¢. 

The fundamental differential equations 
became, therefore, when the expressions 
for S, D and A were introduced 


ah _1800¢—192h 
dt 11h*°+ 1000 

from 0 up to the maximum and thereafter 

dh s 1740 — 240 t — 182 hi* (2) 

= ade 11 h*/* + 1000 

It was assumed that the bottom of 


the reservoir was at the same elevation as 
the spillway crest, so that for the initial 


condition h=0 when t=0. From the 
two equations, S = 1800 ¢ and S = 1740 — 
240 t, the common value of ¢ = 29/34 = 
0.853 was then calculated. The first dif- 
ferential equation must be satisfied for 
values between t=0 and t= 0.853, the 
second between ¢t = 0.853 and t= 7.25. In 
the accompanying table are given sets of 
values of h and dh/dt. 


VALUES OF h AND Qh/dt 
Equation (1) Equation (2) 


h dh/adt h dh/dt 

0.0 1.8¢ 1.75 1.402 — 0.2350¢ 
0.5 1.791¢ — 0.046 2.00 1.333 — 0.2341¢ 
0.623 1.789¢ — 0.065 2.25 1.258 — 0,2332¢ 

Equation (2) 2.50 1.179 — 0.2323¢ 
0.623 1.665 —0.2385¢ 2.75 1.097 — 0.2314¢ 
1.00 1.591 —0.2374¢ 2.90 1.047 — 0.2309¢ 
1.25 1.534 —0.2366¢ 2.95 1.031 — 0.2307¢ 
1.50 1.471 —0.2358¢ 3.00 1.011 — 0.2305¢ 


The value 0.623 for h is obtained by so 
selecting the derived curve that the area 


under the dotted line in Fig. 3 from t= 0 
to t = 0.853 is equal to the corresponding 
value of h. 

These equations are plotted in Fig. 3 and 
the derived curve shown by the dotted line; 
h will be a maximum when dh/dt = 0, 
which occurs 41% days after the flood be- 
gins and its value is 2.92 ft. More points 
on the integral curve can readily be ob- 
tained. Beyond the point where h is a 
maximum dh is of course negative and the 
areas will be negative. Points on the in- 
tegral curve are 


(Fiver) 0 0.5 0.8538 1.125 1.382 1.54 
(Re ae 0 0.212 0.623 1.00 1.25 1.50 
t 1.78 2.05 2.37 2.78 8.88 4.11 4.50 
h 1.75 2.00 2.25 2.50 2.75 2.90 2.92 


The method has an interesting applica- 
tion to the solution of some forms of the 
differential equations of the second order. 


Engineers’ Part in Regulation of Public Utilities 


Abstracts of Papers Read before the Alumni of Stevens Insti- 
tute of Technology at Their Annual Convention on January 9 


Need for Engineers as Commis- 
sioners and Not Employees 


By ALEXANDER C,. HUMPHREYS 
President of Stevens Institute of Technology 


COMMISSION or any other one goy- 

ernment authority should not be placed 
in office to exercise the three functions of 
government, which, according to our bill of 
rights, should be kept. separate and distinct 
from each other—namely, the legislative, 
the executive and the judicial. Admittediy; 
there should be some measure of control of 
public utilities, and particularly if these 
public utilities are to be protected in monop- 
oly. But because there should be some 
measure of such control it by no means fol- 
lows that national and State commissions 
should therefore be given a free hand in the 
management of these properties. Those re- 


sponsible to the owners must be permitted. 


to manage the properties if efficiency and 
economy are to be obtained and maintained. 
In a country like ours we cannot close 
our eyes to the facts as to how appoint- 
ments t6 any such offices are too often ob- 
tained. They are part of the spoils of party 
victory and control. Those of us who have 
come into close contact with these commis- 
sions know that too often the men ap- 
pointed are not qualified to exercise the 
great power placed in their hands. If we 
examine the personnel of some of our com- 
missions and inquire into their previous 
training and experience, what right has 
anyone to believe that certain of these men 
when they took office were capable of solv- 
ing the intricate technical questions in- 
volved in their attempts to regulate and con- 
trol the public service corporations com- 
mitted to their tender mercies? It goes 
without saying that there are men on these 
commissions who are well equipped in every 
way to meet their grave responsibilities. 
Many of the questions which these com- 
missions are called upon to determine re- 
quire for their solution the highest engi- 
neering training and experience. And yet 


it is the exception when an engineer is ap- 
pointed as a commissioner. The engineer- 
ing profession is most often represented 
not as members of the board but as em- 
ployees of these boards, and so with no 
vote. Frequently the engineers so em- 
ployed as subordinates to the commission- 
ers are not qualified for an authoritative 
position in any of the companies over which 
they are thus given, indirectly it is true, 
a large measure of authority. On every 
one of these commissions the engineering 
profession should be adequately repre- 
sented in the persons of men educated in 
the science of engineering and later trained 
in the hard school of experience. 


BROAD TRAINING REQUIRED 


By no means is a man because he is an 
engineer necessarily qualified for member- 
ship on such a board, any more than a man 
is qualified to be a judge because he is a 
lawyer. Whether the commissioner is engi- 
neer, lawyer, accountant, or business man, 
he should be broadly trained and should 
have had experience in the exercise of ad- 
ministrative functions. In character he 
should be above reproach; he should be ju- 
dicial in temperament, and particularly he 
should be free from the temptation of play- 
ing to the gallery. This is a hard specifi- 
cation to meet, particularly as to the last 
item. On the other hand, can we conceive 
of a class less fitted to be commissioners 
than the statisticians who have not had ex- 
perience as administrators and have not 
had their theories tested by the results ob- 
tained therefrom? 

When we consider that all of the pro- 
ductive processes of life in one way or an- 
other have to do with the science and prac- 
tice of engineering, it seems extraordinary 
that the members of our profession should 
have been permitted to such a slight extent 
to enter this field of government control. 
The engineers as a class are themselves in 
part to blame, for not taking a more active 
part in the administrative side of life and 
for not deliberately and advisedly equip- 


ping themselves for administrative respon- 
sibilities. 

By no means do I suggest that there are 
not a sufficient number of engineers in the 
country, specifically and broadly trained, 
to do their full share on the commissions 
of the country; but they should be selected 
with regard to their breadth of training 
quite as much as for their special training. 
The same rule should be applied in the se- 
lection from the ranks of other professions, 
and particularly that of the law. 

With the all-pervading character of en- 
gineering in mind, every commission in this 
country should have at least one engineer as 
a full member; and I believe it would be 
better if the engineering profession were 
more fully represented than any other pro- 
fession. Especially are we inclined to 
favor the inclusion of more than one engi- 
neer on each board, when we think of the 
many branches of engineering represented 
in the several utilities coming under con- 
trol of these commissions. I see no rea- 
son why a board composed say of five 
broadly trained engineers, with a compe- 
tent lawyer to advise them, should not be 
able to render quite as efficient service as 
five well-equipped lawyers as commissioners 
with one competent engineer to advise 
them. I am willing to go still further and 
say that if we must confine the membership 
of a commission to a single profession, 
then the commission of five broadly trained 
engineers with competent legal assistants 
on the staff would give far better results 
then, on the average, have so far been ob- 
tained. 

The best results, I believe, would be ob- 
tained by selecting the majority of commis- 
sioners from the professions of law and 
engineering, no commissioner to be se- 
lected unless he has had working experi- 
ence and been successful under the test 
of that experience. This would exclude the 
man who has spent his life on the develop- 
ment of fine-spun theories; and if applied 
to these now in office would, I fear, create 
not a few vacancies. 
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In conclusion let me emphasize two points. 
First, as a general proposition, the great 
corporations which, by some, are thought 
to be a menace to the country have not 
won their successes by financial legerde- 
main. In some cases manipulation of 
finances has had an influence, though not 
always detrimentally. Great problems were 
to be solved, physical and financial, and 
they were solved only by the patient, per- 
sistent, determined prosecution of plans 
boldly conceived by promoters—and gener- 
ally carried through temporary failures to 
final success by the united efforts of bank- 
ers, men of affairs, engineers, and others, 
not forgetting the small investors. These 
pioneer labors have been for the benefit of 
the country as a whole, and therefore it 
ill becomes the representatives of the peo- 
ple to-day to deny to these pioneers and 
their successors a rightful participation 
in the fruits of these hardly won successes. 
Second, with regard to the public utilities, 
the legislation and regulation which in the 
final analysis will stand the test of time and 
will accord justice to the producer and con- 
sumer must take full account of the in- 
herent physical and financial limitations 
within which these properties are forced to 
operate. To this end men _ technically 
trained in all branches of public utility 
construction and operation must have their 
full share in the formulation of the regula- 
tory laws and the administration and en- 
forcement of these laws. 


How to Get Better Commissions 


By NEWCOMB CARLTON 
Vice-President, Western Union Telegraph 
Company 


WO facts appear to be established by 
President Humphreys—that the person- 
nel of public-service commissions in general 
is far from satisfactory and that the com- 
missions would be much more equitable, ju- 
dicial and competent by the addition of 
members technically trained and experi- 
enced as engineers. I cannot, however, con- 
ceive of engineers in any number that fulfil 
his requirements and are available for the 
purposes of commission control. An engi- 
neer possessing sound technical knowledge, 
coupled with broad administrative experi- 
ence, is much sought; he is, in fact, a rara 
avis, and usually well supplied with position 
and emolument which place him beyond the 
call of public-service commissions as now 
constituted. I am leaving out of consider- 
ation patriotism as a controlling motive in 
his decision, since I venture the belief that 
any appointment requiring patriotism as 
the moving argument for consent will find 
too few well qualified to meet the demands. 
However, we must admit that regulation 
has come to stay and that its failure means 
recurrence to the very worst features of 
the old-time lobbyists and legislative cor- 
ruption; hence we must find a way to make 
the commission work attractive to the right 
men. The present difficulty, as I see it. lies 
in the fact that a temporary body (and the 
commissions are but temporary bodies) 
attempting to exercise judicial, legislative 
and executive functions—without prece- 
dent, without familiar methods of pro- 
cedure, without practical experience in 
many of the matters to be regulated and 
with necessarily superficial hearings—can- 
not in fact distribute equity to all parties 
concerned; they are necessarily and be- 
cause of their quasi-political character con- 


sciously or unconsciously prejudiced in 
favor of their constituents. To overcome 
this great impediment we must advance 
commissions as nearly as possible to the 
pérmanent status of a court, with the re- 
spect, honor and dignity that attach to a 
properly constituted judicial body. It 
therefore behooves every man with an 
ounce of patriotism to support the experi- 
ment that is now going on and co-operate 
toward its successful conclusion. 

As we fertilize this state of public mind, 
we will approach equitable considerations 
of the rights of all concerned, and unless 
the rights of all concerned are treated 
equitably, any system of control and regu- 
lation is doomed to failure. 

In fine, the question of control and regu- 
lation is on trial, and if it is not possible 
to elevate the commissions above the status 
of a partisan political body governed by 
other than the judicial consideration of 
the questions at issue, eliminating as far 
as is humanly possible popular clamor or 
the selfish demands of political or corporate 
interests, then we are doomed to failure, 
and government ownership and socialism 
will be our concomitants. 

But proper regulation by properly consti- 
tuted commissions will in the long run sat- 
isfy the public and the economics of the age 
by giving to the public all that is reasonable 
for it to have, leaving to private enterprise 
the exercise of initiative and opportunity 
for developments in the future. 


MorE INDUCEMENT FOR THE ENGINEER 


We shall some day, through the education 
and example of public service leadership, 
reach that state of public mind which is 
essential to all reform; then will there be 
an inducement for the well qualified engi- 
neer to take his place upon the public serv- 
ice commission. 
engineer can do to-day is to stimulate pub- 
lic consciousness to the necessity which is 
gripping us all that this great principle of 
public service control must succeed and can 
only succeed through the exercise of the 
qualities of fairness and broadmindedness 
of the American people. 

The reasonableness of the authority 
which has been conferred upon governing 
commissions is to my mind a subject of seri- 
ous importance. We are trained to the 
thought that there is a jurisprudence con- 
trolling our social and moral actions, but 
the management of a public service has not 
the advantage of such guidance. The law 
creates a commission which makes the 
rules, prosecutes under them, sits as judge 
and imposes the penalty. This is an anom- 
aly which, in my judgment, is doing much 
to defeat the principle of reasonable regu- 
lation and control. Our prayer is: Give us 
a better public sentiment toward commis- 
sions, reasonable limitation of their func- 
tions, and the chance to exercise our enter- 
prise and our patriotism. 


What the Commissions Have 
Accomplished 
By JAMES E, SAGUE 


Commissioner, Public Service Commission of 
New York 


F we look back over the period of perhaps 
twenty-five years since the original In- 
terstate Commerce Commission law was 
framed we will see that there has been 
great progress at least along two lines. 
First, in complete publicity of all railroad 


But the best work that the . 


rates, and consequent stoppage of discrimi- 
nation; and second, in the publicity of rail- 
road accounts and the recording of the re- 
sults of these accounts on the same basis, 
so that they can be properly compared and 
analyzed. . I believe that the success of the 
Interstate Commerce Commission along 
these two lines would'be a full justification 
for the creation and maintenance of the 
commission if nothing else had been ac- 
complished, although we know that far 
more has been done in the settlement of 
controversies between shippers and the 
railroads. 

This example has been followed by many 
of the State commissions. As a result the 
balance sheets and income accounts of the 
controlled companies are beginning to tell 
the truth. We all know that few balance 
sheets have told the truth in the past, and 
that the item “Cost of Property” has usual- 
ly only represented the amount necessary 
to balance the liabilities and surplus, and 
often bore no close relation to the amount 
of money invested. It is also well known 
that some companies have shown a tendency 
to capitalize replacements regardless of the 
fact that the result is the padding of the 
income account. It is curious that many of 
the accounting examinations of the com- 
missions have resulted in improving the 
companies’ standing in rate cases, while 
at the same time the necessity of increased 
conservation in the payment of dividends 
has been indicated. 

One of the main functions of the commis- 
sions has been to insist that corporations 
tell the truth about their affairs, their 
property, accounts and statements, and I] 
think that this part of the work has on the 
whole been well done, and will prove of the 
greatest value, not only to the community 
but to the corporations themselves. 


Need for Engineers to Show the 
Layman Their Worth 


By JOHN W. LIEB, Jr. 
Vice-President, New York Edison Company 


O handle the important economic, com- 

mercial and engineering problems and 
matters of public policy which may come 
before them requires a personnel in public 
service commissions far above the level of 
capacity of the ordinary office-seeking poli- 
tician. It would be out of the question to 
obtain proper consideration for, safe judg- 
ment of and wise control over these impor- 
tant public and corporation questions from 
the average public-office incumbent. They 
require for their proper consideration, not 
only men of the highest personal integrity 
and ideals, but men of ability and capacity ; 
minds capable of statistical analysis, with 
a judicial temperament, a wide knowledge 
of public affairs and business capacity, with 
a sufficient interest in the public service to 
devote the necessary time to the study of 
the immense mass of detail and complicated 
questions which come before the commis- 
sions for adjudication and decision. 

It is an interesting study to consider the 
mental and personal equipment that is nec- 
essary in the ideal commission to exercise 
these extraordinary and important public 
functions. It is obvious that no single per- 
son could hope to possess the wide knowl- 
edge of public affairs, legal training, busi- 
ness experience, breadth of learning, and 
scientific knowledge necessary to cover 
individually and competently so vast and 
diversified a field. It is quite true that the 
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commissions have their legal departments, 
accounting and statistical experts, engineer- 
ing staff and specialists of various kinds 
in their organization, but the commission- 
ers themselves must have ability of the 
highest order to digest the reports, briefs 
and statistics submitted for their consider- 
ation and to draw proper conclusions from 
the evidence and testimony, often contra- 
dictory and involved, of the expert wit- 
nesses which come before them in the hear- 
ings and investigations, and then to issue 
decrees and orders which, while in the pub- 
lic interest, shall be just and fair to the 
corporations. 


TECHNICAL PROBLEMS TO BE SOLVED 


It must be obvious that the presence of 
atechnically educated and _ scientifically 
trained member on the commission should 
be of enormous assistance and value in its 
work, only second in importance to the pres- 
ence of a representative of the legal pro- 
fession. The professional politician is like- 
ly to be strongly represented in the make-up 
of the commissions, but to find a represen- 
tative of the engineering profession in the 
commissioner’s chair is unfortunately un- 
usual and exceptional. This cannot be in 
the public interest and shows a state of 
things which may not reflect wisdom and 
foresight in the appointive or elective 
powers and is hardly creditable to the au- 
thority and influence of the engineering 
profession in public affairs. 

It is a matter of common knowledge that 
our lawyer-made statutes and legal enact- 
ments are notoriously defective and inad- 
equate, if not altogether ridiculous, when 
they undertake to cover technical matters 
in their provisions, and the burden often 
comes upon the commission to endeavor to 
interpret or carry out the provisions of an 
imperfect public service commissions law, 
under which they are appointed and which 
they are called upon to enforce. 


What is true of the commission side of. 


the table is largely true also of the other 
side, and the demand is for broader knowl- 
edge, more diversified experience and 
higher capabilities on the part of the exec- 
utives, managers, and engineers of the cor- 
porations which come under commission 
control. Outside of questions of jurisdic- 
tion and the interpretation of statutory pro- 
visions it will be found that the usual ques- 
tions which present themselves before reg- 
ulating commissions are largely commercial, 
business and technical matters, the facts 
and data for which must be furnished by 
the commercial and engineering staffs of 
the corporations, even when they are actu- 
ally laid before the commission by the rep- 
resenting attorneys. 


ENGINEERS AS WITNESSES 


Incidentally technical graduates should be 
trained so that when they are called upon 
to testify in these cases their presentation 
be clear, convincing, to the point and de- 
livered with the weight of authority. We 
should cultivate the habit of clear state- 
ment as well as clear thinking, and school 
ourselves in the facility of communicating 
technical information and expert testimony 
so that it may be understood by the lay- 
man and that our arguments and presenta- 
tion may create a favorable impression and 
carry due weight. 

The consolidation of small plants into 
large production units to obtain the results 
of. large bulk output, of lower investment 
costs, higher operating efficiencies, im- 


proved load factors and the advantages of 
combining diversity factors—all of these 
are questions in engineering economics and 
the efficient conduct of business which have 
developed new problems in the operations 
of public service corporations, and with 
these the commissions must concern them- 
selves. If we are going to have effective 
supervision and strict regulation of utili- 
ties, the public must recognize the inherent 
monopolistic character of public utility 
service and protect the utility corporation 
against cut-throat competition and politi- 
cal conspiracy. 

Unfortunately, much of the unsound eco- 
nomic doctrines, academic theories and so- 
cialistic tendencies with which the views 
of the public become inoculated and with 
which private corporations conducting pub- 
lic utility service have to contend emanate 
from the chairs of economics in our uni- 
versities and colleges, and it is here that 
originate and spawn many of the doctrin- 
aire pronouncements and irresponsible ut- 
terances which are so unsafe and unsound, 
but which nevertheless are sent out with 
the weight of authority of some of our 
great universities of learing. 


ENGINEER AND PUBLIC QUESTIONS 
The engineer, having had an important 


part in the progressive movements in our - 


industrial expansion, should assume his 
proper share of the responsibility of help- 
ing to mold public opinion along right lines, 
and see to it that the public is furnished 
with correct and reliable information, for 
it is only through an enlightened public 
opinion that we can hope for justice and 
fair treatment. The progressive engineer 
should be a close student of public questions, 
of economics and political science; he should 


be in touch with the trend of public opin- 


in the river level due to tide. It has 
been necessary to vary the air pressure 
daily during construction from 9 to 18 lb. 
per square inch. Had this precaution not 
been taken there might have been an excess 
of pressure at low tide, which would have 
lifted the river bed, whereas at high water, 
with too little pressure, there would be the 
danger of the river breaking in. The 
method adopted to insure that the right air 
pressure was maintained in the tunnel was 
to have a gage fixed in the river with marks 
corresponding to the air pressure which 
should be employed, and to regulate the 
pressure from observations of the gage 
readings. The arrangement has worked 
quite satisfactorily, it is reported, the tun- 
nel being driven at the rate of 50 ft. per 
week. 


Growth of the National Engineer- 
ing Societies 


Civil Engineers Rank Second to the Electricals, 
but Outnumber the Mechanical and 
Mining Men 


HE growth of each of the four national 
engineering societies is shown in the 
diagram accompanying this article, taken 
from the “Journal” of the American Society 
of Mechanical Engineers. At the close of 
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Growth Curves of the Four National Engineering Societies 


ion, and exert his influence and enlist his 
activities in counteracting so-called popular 
movements which are inimical to the public 
interest. 

It is high time that the engineer and the 
engineering profession be accorded proper 
credit for the wonderful scientific and in- 
dustrial accomplishments of the age which 
they have been instrumental in achieving 
and which have contributed so immensely 
to the happiness, comfort and progress of 
mankind. 


Varying Air Pressure in London 
Tube Construction 


Range from 9 to 18 Pounds Per Square Inch 
Daily Demanded by Tide Levels 


HREE underground railways intersect 

at Charing Cross, London, and the work 
of connecting them for the interchange of 
passengers is now being completed. About 
180 ft. of one of the new tubes extend under 
the Thames. The peculiarity of this part 
of the work, which is effected by the usual 
shield plan, is that the clay cover is very 
thin, while there are considerable variations 


the year 1913 the membership of the Amer- 
ican Society of Civil Engineers was 7272. 
It will be seen that the American Institute 
of Electrical Engineers leads by about 300, 
the great gain of that society from 1902 
to 1905 and again in 1907 being unmatched 
by any similar performance of the civil en- 
gineers. The curve of the civil engineers 
seems to be smoother than that of any of 
the other three societies. It is also well 
above that of the mechanical engineers, 
who have in the last two years passed the 
mining engineers. au 


THE OUTPUT OF PETROLEUM during each 
year of the century was more than main- 
tained in 1913. The amount produced in 
the past twelve months exceeded 240,000,- 
000 bbl., according to estimates. The pro- 
duction in 1912 was 222,113,218 bbl. The 
rate of increase in 1913 was greater at the 
end of the year than at the beginning. 
California increased at least 10,000,000 bbl. 
over 1912, almost reaching 100,000,000 bbl. 
The output of the Gulf field declined, but 
this was more than offset by the increase in 
northern Louisiana and Texas. Wyoming 
showed a significant increase. 
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Composition Flooring 


Discussion by Manufacturers and Architects of Paper Presented 
by H. M. Hooker before Engineers’ Society of Western Pennsylvania 


HE necessity for an advance in stand- 
"[ieras of workmanship in manufacturing 

and laying composition flooring was 
generally agreed upon in the discussion 
which supplemented a paper read before the 
Engineers’ Society of Western Pennsylva- 
nia by Mr. H. M. Hooker, district manager 
of the Marbleoid Company, of Pittsburgh. 
These comments, which are abstracted in 
the following article, will be of greater in- 
terest if compared with the summary of 
Mr. Hooker’s paper in the Engineering 
Record of Dec. 6, 1913, page 635. 


ABSTRACTS OF COMMENTS 


Dr. R. R. Shively, of the Mallon Institute 
of Industrial Research, which has been en- 
gaged in studying and testing this flooring: 
Until recently an owner could not tell what 
kind of a composition floor he was going 
to get when he let his contract. Sometimes 
the floor would be absolutely perfect, and 
the next time a floor installed by the same 
company would have cracks and bulges and 
the color would fade. Upon investigating 
the conditions in the factories I found 
that there were very few scientific men con- 
nected with the work. The men that made 
up the mixture were ordinary laborers and 
they were never sure of having the same 
composition. In mixing the magnesium 
chloride the temperature is never taken into 
consideration in getting the percentage. In 
my experience they vary the percentage of 
magnesium chloride 5 to 8 per cent on dif- 
ferent jobs. The chemical combination 
between the magnesium oxide and the 
magnesium chloride is one that must be 
controlled carefully, because an excess of 
magnesium chloride will cause an 
efflorescence. The magnesium chloride in 
excess has a tendency to decompose in the 
presence of moisture and liberate hydro- 
chloric acid, and this acts upon the ferric 
oxide used as color and will lighten the 
shade of the floor. 


VARIATION IN POROSITY 


In the floors themselves the absorption is 
higher than has been indicated. I have 
found samples very hard, mainly sand and 
magnesium oxychloride with very little 
filler, in which the absorption was almost 
negligible, but I have found other samples 
in which the absorption would run as high 
as 12 or 14 per cent, 

I remember a floor in a hospital in 
Brooklyn, under which were several fur- 
naces of the heating department. It 
cracked in every conceivable way. If the 
man that put in that floor had put in a 
material to allow for more expansion and 
contraction, he could have overcome the 
cracking. But it is almost impossible, 
using inorganic coloring matter, to get a 
floor that will withstand chemical changes. 
I tried very hard to incorporate some ana- 
line colors, but they will not withstand the 
reactions of the alkali. 

Composition is the most sanitary floor on 
the market, without a doubt, and its low 
conductivity of heat makes it ideal for 
schools and hospitals. The effect of oil is 
a thing that is not thoroughly understood, 
The addition of oil to ordinary cement is 
Supposed to injure the cement. The action 
of the lime in the cement combining with 


the organic acid of the oil has a tendency 
to cause the cement to disintegrate. My 
experience has been that this composition is 
benefited by oil, especially by a vegetable 
oil. It seems that the magnesium salt of 
the organic acid has a tendency to render 
it more nearly waterproof. There is a coat- 
ing of soap that surrounds each particle 
and prevents the absorption of water. 

Samuel Jaros, President, General Kom- 
polite Company, New York: Many of the 
faults under which manufacturers are 
laboring are due to the improper founda- 
tions upon which one is compelled to lay the 
floor. The cement foundation may be placed 
improperly. If it is poor it will absorb the 
chloride and leave the material soft. If it 
is too hard it will furnish too much resist- 
ance for the contraction and expansion in 
the mass. Consequently the manufacturer 
is compelled to gage his material according 
to the conditions under which he is forced 
to act, and very much of the trouble we are 
confronted with is due to this one fault. 
This is one thing which the architect and 
engineer should specify very carefully so 
that the danger may be minimized. 


CAUTION NECESSARY IN SPECIFYING 


R. W. Page, President of the Marbleoid 
Company: When we take into considera- 
tion the fact that the oxychloride cement 
used in all composition flooring is capable 
of carrying other ingredients up to twenty 
times the weight of the cement we can read- 
ily see what a vast variation there may be, 
not only with respect to the number of in- 
gredients added but also in the relative 
properties secured. It is very likely that no 
two floorings of different manufacturers 
are essentially alike. For these reasons the 
careful architect or engineer will not spe- 
cify merely “composition flooring.” Under 
no circumstances will he make his selection 
solely from samples submitted. All sam- 
ples look very much alike. Often the im- 
practical mixture will make up into a better 
looking sample than the efficient material 
for the simple reason it is often easier to 
trowel-finish such a mixture to a good, 
even surface. 

Wood foundation presents no great diffi- 
culty. The concrete foundation must be of 
sufficient richness, and under no considera- 
tion should it contain lime. Buckling or 
coming away from foundation is almost al- 
ways due to one of these causes. 

Composition flooring requires radically 
different handling and troweling from that 
given Portland or other cements. It is 
utterly impossible to take a workman in- 
experienced in the work of this material, 
from either a cement workers’ union or a 
plasterers’ union, and expect him to turn 
out a satisfactory piece of work. Expert 
workmanship is of the greatest importance 
owing to the fact that the color appearance 
of the finished flooring is dependent largely 
upon the time and manner of the final 
troweling. 

Owing to the liability of damage from 
other mechanics (composition flooring is 
far more liable to such damage when it has 
been newly installed than will be the case 
after it has reached its maximum hard- 
ness) this material should be practically the 
last thing installed in a building. 


Frequent washing and an occasional oil- 
ing will serve to keep a floor in perfect con- 
dition, and with this care it has been re- 
peatedly demonstrated that composition 
flooring improves in appearance as it ages 
under service. 


SANITARY VALUE 


R. M. Trimble, Architect, of Pittsburgh: 
I do not consider the use of a composition 
floor on wood to be advisable, unless some 
method is discovered which will eliminate 
the hollow sound occasioned by walking over 
a floor so laid. Another objection I find 
is the efflorescence which appears sometimes 
on the surface of the floors, an objection 
applying particularly to residence work. 

Composition floors are satisfactory for 
use in hospitals, offices, schools, in the 
service portions of residences, and in places 
of like character, where its sanitary char- 
acteristics make it valuable. The success 
of the floor seems to be dependent upon con- 
ditions which are hard to control; upon the 
weather, which if too hot causes the mate- 
rial to set before it can be properly worked, 
or upon the concrete underbody, which 
should be seasoned for weeks before the 
composition floor is applied. 

Howard C. Frank, Architect, of Pitts- 
burgh: Composition flooring, lacking the 
“absorbers” possessed by its competitors 
(by reason of its having a considerable 
polish and being in continuous mass), 
leaves something to be desired in the mat- 
ter of plane, having the slight undulation 
resulting from hand-troweled material. I 
have wondered whether the solution is to 
add another 1/32 in. or 1/16 in. to the top 
coating and having floated it down to an 
approximate plane and allowed it to set, 
grind it to a positive plane with a mechan- 
ical wood-floor finishing machine provided 
with emery cloth disks instead of sand 
paper, and follow this with a similar me- 
chanical buffing or polishing device, even 
though the cost were increased 1 or 2 cents 
per square foot. 


CARE IN MAINTAINING 


F. R. Muller, President, Franklyn R. Mul- 
ler & Company, of Waukegan, Ill.: The 
composition should consist of a good per 
cent of the best grade of calcined Grecian 
magnesite, which must be thoroughly mixed 
with other ingredients so that when used 
in a floor it will be soft enough to with- 
stand abrasion from the tread, yet not hard 
enough to crack under even pressure. 

A composition floor should have approxi- 
mately the same care that a hard-wood floor 
receives. Where it is in heavy use it should 
receive a coat of linseed oil with one-third 
benzine as a dryer lightly applied at least 
once every six weeks. It should also receive 
an occasional coat of liquid wax. This keeps 
the composition with a bright, clear sur- 
face and prevents dust and dirt from work- 
ing into the surface. A composition floor 
does not give good results in shower baths, 
or in places where it is continuously sub- 
jected to moisture. The continuous mois- 
ture causes the salt and chloride to redis- 
solve and will leave the remainder of the 
ingredients in a free state that only occurs 
where the application of water is constant. 

William von Baumbach, President, The 
American Monolith Company, of Milwau- 
kee, Wis.: The chemical consistency of the 
finished product depends upon using the 
correct proportions of oxide and chloride of 
magnesia, and also the percentage of filling 
materials, such as asbestos, silica, wood 
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fiber or other substances. The University 
of Wisconsin, at my suggestion, has been 
taking up this subject in the engineering 
department. I have submitted to the uni- 
versity all of the data gathered during 14 
years’ experience in this business, and 
it is making an exhaustive series of tests 
of composition flooring material. The ob- 
ject of these tests is to establish what shall 
be the chemical consistency of the best com- 
position flooring material; what filling ma- 
terials will combine with the oxychloride 


cement; and what combination of oxychlo- - 


ride cement and filling materials form the 
strongest and most durable finished product. 

The Bureau of Standards at Washington 
has tested composition flooring, but has 
done so without reference to its chemical 
consistency, simply testing samples pro- 
duced by different manufacturers. The 
only tests which will ever prove of value 
are those based on the chemical consistency 
of the article tested. 

C. L. Wooldridge, Superintendent of 
School Buildings of Pittsburgh: The com- 
parative tables which Mr. Hooker has shown 
are all based on a high grade of composi- 
tion flooring. Many of the floors which 
have been laid, and will be laid, would not 
rank so high in the lists because the con- 
tractors have experimented at the expense 
of their clients. I do not believe there are 
more than half a dozen companies in the 
country who are really qualified to manu- 
facture and install composition flooring 
equal to the ones referred to in the author’s 
comparative lists. 

A. Fellheimer, Architect, of New York: 
The following letter received from Mr. Paul 
Smith, superintendent of the New York, 
Westchester & Boston Railway Company, 
is self-explanatory: “A year ago I formed 
a poor opinion of composition flooring when 
it was new in our stations, due to the fact 
that some of the composition was working 
out on the surface, and the floors did not 


look very good and were hard to maintain; 


but for some months past they have been 
very satisfactory, and I believe that it is an 
ideal floor to have in an office building. 

“We use an oil soap for scrubbing the 
floors; they are very clean and the scrub- 
bing can be done often, as the floor does not 
retain the moisture, and I think they are 
a decided improvement over wooden floors. 
We use a soft broom for cleaning, which 
eliminates the dust feature that we get 
from a straw broom when sweeping a 
wooden floor. 

“We have had some complaints, also, from 
our clients, due to shocks obtained while 
using the telephone and standing on the 
composition flooring. I personally ex- 
perienced this same trouble.” 

Mr. Hooker closed the discussion of his 
article. He said: ‘Practically all of the 
criticism passed is comprehended in the 
simple tabulation below. 

“Mr. Trimble’s criticism of the hollow 
sound over a wood foundation is well taken 
when applied to the single coat floor, the 
type first used. The great advantages of 
an under and more fibrous coat were later 


discovered, and now the under coat is uni- 
versally used by the best manufacturers. 
This does, or should if properly installed, 
completely do away with the hollow sound 
and gives a floor that is much quieter than 
wood, concrete, tile, terrazzo, or marble. 

“Regarding Mr. Frank’s suggestion that 
the surface be planed, or ground, down to 
a plane, as is done in the case of terrazzo 
and wood flooring, the idea of getting a per- 
fect plane is fine. His idea has been re- 
peatedly tried out and was hailed in Ger- 
many as a means of avoiding the necessity 
of expert troweling. Up to date, however, 
the floors so constructed are more porous 
and do not stand up under use as well as 
the expertly troweled surface. When prop- 
erly troweled the surface can be brought 
to a very even plane. It is only poor and 
somewhat inexpert troweling that gives an 
objectionable surface which reflects the 
light unevenly.” 


Caliche Roads Near Phoenix 


Calcareous Foundation Surfaced with Sand and 
Road Oil at Cost of $5,000 Per Mile 


ANY miles of country roads have been 
M improved in the southwestern country 
by the application of caliche, which, if 


properly handled, gives satisfaction for a ~ 


country road of moderate cost. Last sea- 
son 3 miles of road. near Phoenix were 
improved by the application of caliche and 
a wearing surface of oiled sand and gravel. 

Caliche isa local name for a calcareous 
cement-like deposit which occurs in great 
abundance in many parts of Arizona, par- 
ticularly in and near the foothills. When 
pulverized, wet and compacted by traffic or 
rolling it forms a macadam or concrete- 
like mass of moderate hardness and fairly 
high degree of toughness. One of the diffi- 
culties near Phoenix has been to get the 
material spread evenly enough to insure a 
uniform surface under traffic. As it comes 
from the quarries a small portion is pulver- 
ized, but much of it is in lumps 1 ft. in 
diameter in which small boulders are em- 
bedded. The latter, if not excluded, make 
the road lumpy. 

Three miles of the McDowell road, 2 
miles from Phoenix, were constructed 
under rigid specifications calling for the 
elimination. of stones 3 in. thick and 5 in. 
long. The roadway is 16 ft. wide and 
covered with 5 in. of caliche with a 1-in. 
wearing surface of oiled sand and gravel. 
Large lumps were broken with a sledge 
hammer and the loads spread evenly. The 
subgrade was first made compact by plow- 
ing to a depth of 6 in. Water was obtained 
from irrigation ditches by a portable 2-in. 
American centrifugal pump driven by a 
gasoline engine. A continuous border was 
left on each side of the road to retain the 
water, which was applied in sufficient quan- 
tities to dampen the soil to a depth of 1 ft. 
After the surface had dried to a non-stick- 
ing consistency it was compacted by a 10- 
ton Kelly roller in sections not to exceed 
14 mile long. 


Criticism 
Iefflorescence. 


chloride. 
Fading. 


Hollow sound over wood founda- 
tion. 
Special advance precautions. 
Uneven plane to finished surface. ut 
ing. 


Excess or impure magnesium 
Temporary only. 
Excess magnesium chloride or 
improper coloring matter. 
Occurs with one-coat floor. 


Improper foundation. 
Improper leveling and trowel- 


TABULATION OF CRITICISMS OF COMPOSITION FLOORING AND SUGGESTED REMEDIES 
Cause of Trouble 


Remedy 


Skill on job, at factory and man- 
agement, 

Skill on job, at factory and in 
management. 

Skill in management. 


Skill in. management. 
Skill on job. 


Portable Pump Outfit 


The material was dumped in ridges 
parallel to the center line of the road. 
After spreading and wetting it was rolled 
and then covered with a top dressing of 
sand and road oil containing 80 per cent of 
asphalt. Oil was applied at the rate of 
Y% gal. per square yard and enough sand 
spread on to take up all free oil. After 
rolling the road was treated with a second 
application of the same amounts, bringing 
the wearing surface to a thickness of about 
1 in. 

The engineer states that it made a very 
satisfactory surface, but it remains to be 
seen whether the sand and oil will last as 
long as the caliche base. He is also of the 
opinion that an improvement can be ef- 
fected by crushing the caliche and the stone 
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Cross-Section of Caliche Road 


before using, so as to insure obtaining a 
smooth surface. Ruts and chuck holes in 
caliche are easily repaired by picking out 
the defective spots to a depth of 8 to 4 in. 
and filling the holes with fresh material, 
thoroughly wet and rammed. 

The cost of this road was about $5,000 
per mile. Caliche was hauled from 134 to 
424 miles and the oil from 41% to 7% miles. 
The improvements were carried out by the 
Good Road Company, of Phoenix, for the 
Special Road District 2 of Maricopa 
County under the direction of Mr. C. O. 
Thompson, engineer. 


IMPROVISED DERRICK CARS were recently 
used in the erection of moderate-span 
single-track deck plate-girder bridges in 
New Mexico. Each of two ordinary flat 
cars was provided with a timber tower 
about 10 ft. high, built over the truck at one 
end and slightly overhanging the car. 
Tackles were suspended from these towers, 
and the latter, being brought up to oppo- 
site ends of the completed span, lifted it 
clear and carried it between them across 
the falsework to the required position on 
the line. The falsework was then dropped 
down, giving clearance for the span to be 
lowered to permanent position, and the 
track restored to service with a very short 
interruption of traffic. The construction of 
the temporary towers on the flat cars cost 
less than $200, thus making an economical 
arrangement which might easily be avail- 
able under conditions where the services of 
derrick cars could not be advantageously 
secured. 
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End Spans Completely Erected and Center Spans Nearly Erected 


ee cce a Three-Span Cantilever Bridge by 
Independent Span 


Falsework Eliminated by Supporting the New End Spans from the 
Old Ones and Erecting the Center Span by the Cantilever Method 


LIMINATION of falsework was the 
K construction feature in replacing an old 
315-ft. bridge span over the Fraser 
River on the line of the Canadian Pacific 
Railway, 150 miles east of Vancouver, B. C. 
The end spans were supported during 
erection on the old structure and afterward 
served as anchor spans to counterbalance 
the main span during its cantilever erec- 
tion. Erection adjustments of the center 
panel were made by screw toggles. 

The railway follows up the north bank of 
the river until the canyon swings around 
toward the north to such an extent that a 
crossing becomes necessary. The bridge 
site selected by the locating engineer in 
1883 has proved to be well adapted for a 
crossing, as it is one of the narrowest places 
on the river and has the advantages of giv- 
ing a good alignment and solid rock founda- 
tions. 

The original cantilever bridge, shown in 
one of the photographs, was erected in 
1883-84, the piers being placed close to 
shore, giving a main span of 315 ft. This 
location of the piers made it possible to 
use anchor spans 105 ft. in length, running 
from the piers to stone abutments, and two 
cantilever arms and a suspended span—all 
three of which being 105 ft. long. Thus 
the bridge had a total length of 525 ft. 


between abutments. The structure has been 
in constant use from the day of its comple- 
tion in 1884 until 1910, when the use of 
heavier engines and rolling stock made a 
change necessary. 

The old site was considered the most suit- 
able for the location of the new bridge, and 
it was decided to erect here three through 
trusses, using the same masonry, with some 
sight additions, which supported the old 
bridge. The two short end spans were 
erected first, using the anchor arms of the 
cantilever as falsework. The 315-ft. through 
span was then erected by weighting down 
the short spans (specially designed for this 
stress) with old rails and connecting the 
top chords of adjacent spans by means of a 
temporary toggle joint which linked up the 
steelwork so as to employ the cantilever 
principle during erection. 

Four toggle joints were required, each 
consisting of eight 11% x 6-in. eyebars con- 
nected to steel pins in the end posts and at 
the center, as shown in one of the illustra- 
tions. Four pins were used at the center, 
each pair being carried in a frame in which 
was fastened a nut engaging a thread on a 
vertical shaft operated by a bull-wheel. By 
turning this wheel the angle of the toggle 
joint could be changed at will and the span 
under construction lowered gradually into 


place from both ends until the two parts 
met in the center and were coupled up. The 
maximum weight of rails put on each short 
span was about 400 tons. 

During the course of erection the traffic 
averaged from eight to ten trains per day, 
and was maintained without any delays. 
After the new bridge was completed and 
ready for service the old bridge was taken 
out, piece by piece, and utilized on the Es- 
quimalt & Nanaimo Railway, a Vancouver 
Island branch of the Canadian Pacific Rail- 
way, on which lighter rolling stock is used. 
The piers which were used for both the old 
and new bridges over the Fraser River are 
about 82 ft. high and are founded on solid 
rock exposed on the shores of the stream. 


r 
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Toggle Joint Anchoring Spans 


The difference between low and flood level 
of the river under the bridge is 67 ft., the 
lowest water record being 125 ft. and the 
flood 58 ft. below the deck. 

The cost of the original bridge, including 
masonry and steel, was approximately 
$270,000, and the cost of replacing the steel- 
work is estimated at $160,000. The new 
bridge was fabricated by the Canadian 
Bridge Company according to designs pre- 
pared by Mr. C. N. Monsarrat, engineer of 
bridges for the Canadian Pacific Railway. 
Mr. C. E. Cartwright was division engineer. 
succeeded by Mr. H. Rindal, and Mr. H. B. 
Walkem, resident engineer, was succeeded 
by Mr. F. P. Wilson. 


Old Bridge before Erection of New Superstructure 
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Factory Lighting 


Discussion of Correct and Incorrect Methods and 
of the Advantages of Proper Illumination 
of Industrial Plants 


ASTE of time, increased danger and 

injury to the workmen’s eyesight— 
these are said to result from poor lighting 
in factories. Poor and good lighting have 
for some time been under investigation by 
the Illuminating Engineering Society. The 
society presented various phases of the 
matter at the recent International Exposi- 
tion of Safety and Sanitation in New 
York City, and the vice-president of the 
society, Mr. G. H. Stickney, read a paper 
on the subject before the Safety and Sani- 
tation Conference. The following notes 
are taken from his paper. 

The economic value of good illumination, 
aside from accident prevention, is evident 
in the greater facility with which an em- 
ployee can work under good illumination 
and the greater accuracy with which 
gages can be read and tools can be set. 
One large manufacturer, on investigating 
his lighting conditions, found certain de- 
partments in which the operatives were 
practically idle for about an hour a day 
during the winter months, solely on ac- 
count of darkness. Good artificial illu- 
mination can be furnished in such a factory 
for eight hours a day at a cost equivalent 
to about five minutes of the time of the 
workmen benefited. This illustrates the 
extravagance of poor lighting. For a great 
variety of conditions good illumination re- 
duces the manufacturing cost by increas- 
ing production, raising the quality of 
workmanship and reducing the number of 
defective parts and “seconds.” 


ACCIDENT PREVENTION 


The phase of accident prevention is illus- 
trated in the case of the foundry or other 


shop where cranes or other powerful ma- . 


chinery are in operation. The likelihood 
of crane and elevator accidents is greatly 
reduced with proper lighting. In the 
foundries and yards of a plant it is prac- 
tically impossible to eliminate irregulari- 
ties under foot. If not illuminated, these 
may readily cause falls, with resulting in- 
juries; and in foundries where molten 
metal is carried and hot metal abounds 
they may often cause serious burns. Even 
though guarded to the fullest extent, pow- 
erful machinery presents a menace unless 
the operatives are given an opportunity to 
see and thus avoid the danger points. 

As to the preservation of the eyesight, 
there are many manufacturing operations 
which cannot be carried on without accu- 
rate visual inspection. Some of these pro- 
duce considerable strain even under good 
illumination, and to require their perform- 
ance under poor illumination is certain to 
result in more or less rapid impairment of 
vision. 

Undoubtedly a higher intensity of illu- 
mination is needed in most workrooms, but 
there are other features of equal and 
sometimes greater importance. The mini- 
mum intensity acceptable generally depends 
upon the reflecting power of the surfaces 
to be seen, the fineness of the detail to be 
observed, the time of observation and the 
closeness of application. Unless glare be 
introduced, a higher intensity of light is 
rarely objectionable, except from _ the 
standpoint of cost. The gain secured by 
the increase of intensity is not propor- 
tional to the intensity, and there is a point 
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beyond which the gain would not warrant 
the additional cost. z 

The most common defect in lighting is 
excessive glare and absence of diffusion. 
Glare may emanate directly from the light 
source or be reflected to the eye by a glossy 
surface; it can also be caused wherever 
excessive contrast of intensity appears in 
adjacent fields of vision. The dazzling ef- 
fect is unpleasant and interferes with see- 
ing. Under continued exposure eyestrain 
and even permanent injury to the eye may 
result. An unshielded light hung over a 
machine is a common source of eye fa- 
tigue. The glare may not be so evident on 
first glance, but when the workman’s eyes 
have been subjected to such light for a 
long time discomfort and inability ta see 
result. 

USE OF REFLECTORS 


The workman frequently complains of 
insufficient light when in reality the in- 
tensity may be higher than is required for 
the work. In case an attempt is made to 
correct this by installing a larger light, 
the workman’s eyes are subjected to a still 
more severe strain. The proper correction 
should be to shield the light by means of a 
proper reflector. As such a reflector would 
tend to direct more of the light upon the 
work, the working intensity would be in- 
creased; hence in many cases it may be 
possible to reduce the size of the lamp, or 
relocate it so as to enlarge the area illu- 
minated. 

When a light cannot be removed entirely 
from the field of vision its brilliancy should 
be reduced by means of a diffusing globe 
or reflector so as to increase the apparent 
size of the light source and reduce the con- 
trast between it and the background and 
the sharpness of shadows in the illumina- 
tion. 

Glare received from specular reflection 
of glazed paper, desk tops or polished 
metal often induces eye trouble, headache, 
and other indispositions, though the suf- 
ferers may not be aware of the cause. The 
remedy is to change the relative positions 
so that the reflected light is kept out of the 
eyes as much as possible and to enlarge the 
dimensions of the light source. 


PROPER DISTRIBUTION 


Another defect commonly found in in- 
dustrial lighting is improper distribution. 
This may be due to too wide a spacing of 
lighting units. Under this condition some 
parts of the room are insufficiently lighted, 
while other parts may have more light 
than is necessary. 

Improper direction of light may illu- 
minate the wrong side of the machine, leav- 
ing the important parts in shadow. If the 
bright parts are near the shaded ones, 
whatever illumination may fall upon the 
shaded portion is rendered less effective by 
contrast. 

Unsteady or flickering illumination is al- 
ways objectionable. Such variation should 
always be avoided, whether caused by the 
units themselves or by the light passing 
through such things as moving wheels. 

Good illumination cannot be prescribed 
without knowledge of the use to which it is 
to be put. In order properly to plan the 
lighting of a factory one should be fa- 
miliar with the processes employed, the ar- 
rangement of machinery and work tables 
and the quality of product manufactured. 
Experience gained in well-lighted factories 
should be utilized in planning lighting in- 
stallations. 
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Noise of Brick Pavements 


Comments by R. Keith Compton on Experience 
of Baltimore Paving Commission 


OLLOWING the appearance of the edi- . 

torial on “Hard and Soft Fillers” in the 
Engineering Record of Dec. 20, 1913, page 
680, a correspondent, commenting upon the 
view there advanced that the noise of a 
brick pavement is due to the rattle of the 
wheels over the unfilled joints rather than 
to the impact of the horses’ hoofs, called at- 
tention to the comparative noiselessness of 
brick pavement on a hospital street in Bal- 
timore. An inquiry was therefore directed 
to Mr. R. Keith Compton, chairman of the 
Baltimore Paving Commission. The fol- 
lowing reply, in which Mr. Compton com- 
ments also on the commission’s practice as 
to kind and depth of cushion, has been re. 
ceived: 

“T laid a Hillside brick pavement on Sara- 
toga Street, which is on an 11 per cent 
grade, on the side of the city hospital. 
With this grade, of course, there is not 
much traffic, although I understand that 
after laying this pavement the noise has 
been considerably reduced. Being on such 
a heavy grade, the blocks were not rolled, 
but thoroughly tamped on a rolled 114-in. 
cushion. 


WIRE-CUT VITRIFIED BLOCKS 


“We also laid in the rear of this hospital 
wire-cut vitrified blocks in what is known as 
Hargrove alley. While there.is not much 
through traffic in this alley, there is con- 
siderable hauling of coal and other mate- 
rial. It is an unusually smooth. job, and 
the hospital authorities inform me that the - 
noise has been considerably reduced. These 
blocks were thoroughly rolled on a firm 114- 
in. cushion. 

“Your theory that most of the noise on a 
brick pavement comes from the rattle of the 
wheels over uneven and unfilled joints is un- 
doubtedly correct, although so constructing 
your pavement that it will rest firmly on a 
firm cushion also reduces the noise and will 
do away to a very large extent with the 
rumbling sound so often noticed in connec- 
tion with cement-filled pavements. One 
factor is about as important as the other, 
and neglect in the details of construction 
in either one will, in my judgment, give 
you trouble. 

CUSHION 


“Our specifications first called for a 2-in. 
cushion. We found it very difficult, how- 
ever, to thoroughly compress a 2-in. 
cushion, and I changed my specifications, 
calling for 144-in. maximum cushion. The 
concrete is so uniform that we come very 
close to the 114-in. average throughout. I 
believe now that it is a quite common policy 
to call for a cushion not over 1% in., and 
indeed if I could depend on a uniform base 
I would still further reduce the cushion to 
an inch. I am also advocating in this 
cushion loam to the extent of 15 per cent, 
as it is much more easily and thoroughly 
compressed than if absolutely clean sand is 
used. 

“To be perfectly candid, I hardly think 
that either one of the streets mentioned is 
a suitable basis for argument, as there is 
hardly enough traffic to justify any real 
conclusions. We have laid a great many 
miles of brick streets, and while I have 
noticed that some of them are quite noisy, 
others are not so much so, yet not one com- 
plaint has reached this office from any prop- 
erty owner, tenant, or others interested.” 
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Making Long Fill from Trestle across Minnesota River Valley 


Ortonville-Milbank Alignment Revision 


Long Fill and Interesting Reinforced-Concrete Work on 
Improvement of the Chicago, Milwaukee & St. Paul 


By F. W. VAN BUSKIRK 
Assistant Engineer, Chicago, Milwaukee & St. Paul Railway, Aberdeen, South Dakota 


tracking and rectification of grade and 

alignment which the Chicago, Milwau- 
kee & St. Paul Railway now has under con- 
struction between Minneapolis and Aber- 
deen, S. Dak., is the line from the east end 
of the yards at Ortonville, Minn., to Mil- 
bank, S. Dak., a distance of 11.3 miles, of 
which 9.85 miles are new double-track con- 
struction entirely separated from the old 
track and right-of-way. This work com- 
prises one of the heaviest sections on the 
division and one of the most radical 
changes. 


N N interesting portion of the double- 


REDUCING GRADES AND CURVES 


When the original railroad was built it 
was carried into Ortonville from the east 
to the State line at the foot of Big Stone 
Lake, but owing to some difficulty the line 
was not extended from the State line west. 


Instead of this it branched off to the south 
from the point known as Junction Switch, 
about 11% miles east of Ortonville. This 
left a stub-end track for Ortonville, requir- 
ing trains to head in and back out, or vice 
versa. This arrangement will be done away 
with by the change of line. Furthermore, 
the ruling grade of 1 per cent will be re- 
duced to 0.5 per cent, and numerous curves 
with a maximum sharpness of 3 deg. will be 
eliminated, the new line having only two 
curves—a 1 deg. 26-min. and a 1-deg. curve. 
The new alignment will be as nearly an air 
line as practicable without introducing more 
curvature in Milbank yard, which was not 
deemed feasible. 

Previous to making a decision on the 
final location of the new line a number of 
reconnaissance, preliminary and_ location 
surveys were made with comparative esti- 
mates of cost, having in mind the future 


benefits derivable from each of the various 
propositions. It was known that it would 
be impossible to conform closely to the old 
alignment and at the same time secure the 
desired minimum curvature and grade. It 
was further desired to secure better ter- 
minal facilities, Ortonville being a summer 
resort, reached only by the St. Paul. At 
present Ortonville and Big Stone City have 
separate stations, in each case at some dis- 
tance from the town. It has been proposed 
to build one station on the State line for the 
joint use of the two towns, although it is 
not yet decided whether to build one station 
or two. If the single-station proposition is 
approved the new station will be located on 
or adjacent to the Minnesota and South 
Dakota State line, on the new line, near the 
south end of the lake, and will be on a 25- 
ft. fill, accessible to both Ortonville and Big 
Stone City by means of a new lakefront 
drive and approaches which are to be con- 
structed for the use of the public. 


As previously stated, the new alignment 
will be built with a maximum curvature of 1 
deg. 26 min. and a maximum grade of 0.5 
per cent. It will be 1090 ft. longer than 
the old, but will eliminate 161 deg. 16 min. 
of curvature. It passes through the resi- 
dence district of Big Stone City in a 40-ft. 
cut. The right-of-way is expensive, includ- 
ing about 200 town lots, eighteen houses and 
achurch. This property, however, is being 
purchased without any unusual trouble on 
account of the very friendly attitude of the 
people, who are looking forward to the 
operation of the new road to their advan- 
tage. 


GRADING 


The grading contract was let in Decem- 
ber, 1912, to Morris, Shepard & Dougherty, 
contractors, of St. Paul, Minn., who have 
their equipment installed and are making 
good progress with the work. The large 
fill across the Minnesota River bottom, east 
of Big Stone, 6600 ft. in length, involving 
approximately 550,000 cu. yd. of material, 
is being made by dumping from a trestle 
across the entire distance material hauled 
from Big Stone by construction trains. The 
same method is being used where the em- 
bankmient across the Whetstone Valley, west 
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of Big Stone, is being built. In the 11.3 
miles there will be approximately 1,040,000 
cu. yd. of material to move, most of which 
will be steam-shovel work. 

On the ten concrete bridges to be built 
there will be four undergrade highway 
crossings, three overhead highway cross- 
ings, three 50-ft. reinforced-concrete arch 
spans over the Minnesota River and one 
double 60-ft. reinforced-concrete arch over 
the Whetstone Creek, requiring about 7800 
cu. yd. of concrete. In addition to this 
there will be needed approximately 200 tons 
of concrete culvert pipe for waterways. De- 
tails of one of the highway undercrossings 
are shown. 

The engine house will be remodeled and 
other general increased terminal facilities 
will be constructed at Ortonville, including 
many track changes, the plans of which are 
now being worked out. In connection with 
this a scheme will be perfected whereby 
the traffic from the Ortonville-Fargo branch 
from the north will reach the new station 
site with the least amount of delay. 
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Relation of Bleach Application to 
Typhoid Rates 


HAT bleach treatment of drinking 

water, to be effective, must be sufficient 
to control the periods of greatest infection 
is a principle laid down by Messrs. W. P. 
Ellis and R. G. Perkins in an article in the 
December, 1913, monthly bulletin of the 
Ohio State Board of Health. Charts and 
records of typhoid mortality and incidence, 
bacterial results, rainfall and wind at Cleve- 
land, Ohio, are presented for 1912 to sub- 
stantiate their contention that the water 
supply did not receive enough hypochlo- 
rite to keep down the typhoid rates. 


BLEACH TREATMENT 


When treatment with bleach was started 
in September, 1911, an amount equivalent 
to 0.7 part per million was recommended 
and added until February, 1912, when the 
quantity was reduced to 0.4 part per mil- 


lion. Following this reduction, according to - 


hilbank 
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General Map of Old and New Lines from Ortonville to Milbank 


Mr. H. A. LaRoy, resident engineer, is in 
charge of the work, reporting to Mr. T. H. 
Strate, construction engineer, at Aberdeen, 
S. Dak. 


Investigation of Sanitary District 
Hydroelectric Plant 


NVOLVED in the rate controversy be-- 


tween the Sanitary District of Chicago 
and the city, noted in these columns Dec. 
13, 1913, is the question of whether the 
peak load occasioned by the overlapping of 
the commercial and city business might em- 
barrass delivery of current to the city. Mr. 
E. B. Ellicott, electrical engineer of the dis- 
trict, has said that a $50,000 steam auxili- 
ary will remove any prospective embarrass- 
ment, while Mr. Ray Palmer holds that the 
commercial load will have to be cut off in 
order to deliver the contracted load. In 
view of these opinions the trustees of the 
Sanitary District have ordered an investi- 
gation on the following points: : 

1. Present condition of the hydroelectric 
plant and equipment and the transmission 
system, including city substations. 

2. Present efficiency of operation. 

3. Condition and efficiency of the auxili- 
ary steam plants. 

4. Effect of peak load on delivery of cur- 
rent to the city under the present contract 
and conditions, in event of the addition of 
1000 more lamps; in the event of the United 
States permitting a flow of 10,000 cu. ft. of 
water per second, in the event of the United 
States restricting the flow to 7500 cu. ft. 
of water per second. 


WooDEN PILES 140 FEET LONG are not un- 
common in Oregon. Mr. F. W. Moore, 
bridge engineer, of Portland, has stated 
that 110-ft. piles were driven recently in 
the falsework for the Newberg Bridge over 
the Willamette River. 


the article, there was a steady rise of 
typhoid, indicating a progressive increase 
of pollutions of the water in the river, with 
consequent rise of pollutions at the intake. 
The floods of 1913, with the resulting tur- 
bidity and typhoid epidemic, prove, so the 
authors claim, that investigators were in 
error when they stated that pollution could 
not pass a 2-mile limit. The rise in rate has 
continued up to September, 1913, until con- 
ditions were not much different from those 
existing before the beginning of the treat- 


ment of the water. 


USE OF CHLORINE 


The original contention that unless an 
amount equivalent to 0.7 part per million of 
actually available chlorine was used in the 
treatment the results would be unsatisfac- 
tory appears to be borne out by the chart, 
and is further confirmed in a general man- 
ner by the findings in other cities where 
an amount equal to or greater than this has 
been found essential for successful disinfec- 
tion. A weak dosage cares only for those 
periods in which the water actually coming 
in contact with the disinfectant is weak in 
bacteria and organic matter, and the results 
of laboratory tests show that the variation 
in the quality of the water may be almost 
hourly in character. 


A RAILROAD BRIDGE 2 MILES Long to link 
the island of Riigen in the Baltic Sea with 
the German mainland is being considered. 
The success of a 50-mile train ferry between 
Sassnitz, a northern point of Riigen, and 
Trelleborg, in Sweden, together with the 
growing popularity of the island as a holi- 
day resort, has resulted in a passenger 
traffic that almost reached 100,000 in 1912. 
The proposed bridge would greatly shorten 
the journeys between many German cities 
and Stockholm and Christiania on the Scan- 
dinavian peninsula. 


. erection. 
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Sydney Harbor Bridge 


Steel Cantilever Structure, 2600 Feet Long, 
to Cost $13,750,000 


EVEN plans varying in estimated cost 

from $800,000 to $35,000,000 have been 
proposed for the long bridge from Dawes 
Point to Milson Point in Sydney Harbor, 
New South Wales, and one at an estimated 
cost of about $13,750,000 has been adopted. 
It provides for a structure 2600 ft. long 
between centers of anchorage piers and in- 
cludes two 500-ft. anchor spans, two 520- 
ft. cantilever arms and a 550-ft. center 
span. The main span has a maximum 
clearance of 170 ft. above the water and a 
minimum clearance of 156 ft. 


TRUSSES 


The trusses, 9414 ft. apart on centers, 
are 270 ft. deep at the main pier and 100 
ft. deep for the entire length of the center 
span. The bottom chord is horizontal and 
the top chords are curved in circular and 
parabolic arcs. The main pier bearings are 
of cast steel on pyramids of I-beams and 
concrete distributing the load on the ma- 
sonry. The trusses have eyebar tension 
members, except in the center span, where 
they are riveted to provide for cantilever 
They are mainly of nickel steel, 
the floor system being constructed of car- 
bon steel. 

The bridge has a single deck with a total 
width of about 140 ft. at bottom-chord level. 
There are four railroad tracks and one 35- 
ft.. roadway between the trusses and one 
cantilever footway 15 ft. wide and one can- 
tilever motor roadway 18 ft. wide outside. 
the trusses. 


TRAIN LOAD 


The bridge is designed for a train load 
consisting of a 65-ft. 160-ton electric loco- 
motive and 550 ft. of cars weighing 2000 
Ib. per foot on each of two tracks and for 
the same locomotive, and 500 ft. of a 2240- 
Ib. train on the other two tracks. The main 
roadway is proportioned for a uniform load 
of 100 lb. per square foot plus a concen- 
trated load of 8 tons on one axle and 16 tons 
on another axle 121% ft. distant. The motor 
roadway is proportioned for a uniformly 
distributed load of 80 lb. per square foot for 
trusses and 100 lb. per square foot and con- 
centrated loads of 71% tons on the floor sys- 
tem. The footway is proportioned for a 
load of 100 lb. per square foot. 


Smoke Abatement in Chicago 


NSTALLATION of a gas washer for the 
poe from the Lake Shore roundhouse 
and introduction of buckwheat anthracite 
fuel for use on the Chicago River tugs are 
two striking advancements made in Chi- 
cago in 1913 to abate the smoke nuisance, 
according to Mr. Osborn Monnett, smoke 
inspector. Smoke and gases from thirty- 
two roundhouse jacks are passed through a 
tank of water, removing all the carbon and 
solid matter. 

The new Erie Railroad tug, which is 
said to be the largest on the river used for 
towing its line of steamers and transfer 
barges, uses anthracite, and other boats 
have found it feasible by the installation 
of proper grate bars and a forced-draft ap- 
paratus. The result, Mr. Monnett asserts, 
is an absolutely clean slack and a distinct 
saving in the cost of operation. 


A. Sea 
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Steel Rib Forms for Dam with Pile Foundation 
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Coon Rapids Hydroelectric Development 


Another Low-Head, Single-Runner Hydroelectric Plant on the Mississippi River— 
Absence of Bedrock Demanded Unusual Features of Design and Methods of Construction 


ONSTRUCTION of the Coon Rapids 
(J ryaroetectri plant on the Mississippi 

River, 13 miles above Minneapolis, 
Minn., was more than 60 per cent complete 
on Oct. 1. The electrical energy generated 
at this point will be used in conjunction 
with the Taylor’s Falls plant, the develop- 
ment at St. Anthony Falls and auxiliary 
steam plants to supply the rapidly increas- 
ing power demands of the Minneapolis 
General Electric Company. 

For the present the rated capacity will 
be 10,500 hp, made up of five Allis- 
Chalmers single-runner Francis turbines, 
with the rotating element carried on a 
roller bearing on top of the General Elec- 
tric generators. The ultimate development 
will have two additional similar units. 

The development comprises a structure 
2000 ft. long, including 1000 ft. of spill- 
way, 175 ft. of dam, 70 ft. of log sluice, 
fishway and sluice gates, 255 ft. of power 
house and 630 ft. of earth embankment. 
Choice of center line included an angle of 
39 deg. 5 min. at the upper end of Island 
214, which separates the spillway section 
from the power house. 

From data collected at St. Anthony Falls 
from 1900 to 1911, inclusive, it was de- 
termined that the head would vary from 
13 to 20 ft., with an average of 1714 ft. In 
no sense does the dam create a storage 
reservoir. In fact, less energy would be 
obtained if storage is drawn upon than if 
the smaller regular flow is used under the 
consequent greater head. For this reason 
the runners of the wheels were built in 
accordance with one of- the previously 
tested models, which showed an efficiency 
curve that dropped off slowly with in- 
creased -head but rapidly with declining 
head. 

DAM AND SPILLWAY 


For the major portion of the dam a 
gravity spillway section is surmounted by 
twenty-eight Tainter gates, 33 ft. long, 
raising the pond level 714 ft. over the con- 
crete crest. It is designed to pass 80,000 
sec.-ft., while 60,000 sec.-ft. are the highest 
discharge of record. Under the assumed 
maximum discharge the water will still be 
7 ft. below the top of the earth embank- 
ments and 5 ft. below the top of the dam 
protecting the island. The Tainter gates, 
which are supported between piers, 3 ft. 
wide, will be closed under normal condi- 
tions and only opened to pass floods. 

Foundation conditions under the struc- 
tures require the use of piles to carry the 
superimposed loads, with the exception of 
a 400-ft. stretch at the south end, where 
the material was so hard that it was im- 


possible to drive round or sheet piles. 
Under the power-house end of the dam 
hardpan, or a cemented gravel and clay, 
into which piles could not be driven, was 
50 to 60 ft. below the river bed, rising to 
the surface as the opposite end of the dam 
was reached. Three transverse lines—140 
ft. apart—of borings—100 ft. apart— 
were made to determine the character be- 
low ground, and test piles were driven 
approximately 100 ft. apart on the center 
line of the dam to determine the bearing 
value obtainable. 

Conditions under the spillway section 
and apron are shown in one of the illus- 
trations, in which may be noted five of the 
seven rows of piles under the main section. 
Under the upstream cutoff wall are two 
rows of wood piles and a row of Lacka- 
wanna-steel sheet piling. To the left in 
the illustration is seen the alternately laid 
blocks of concrete in the 2-ft. apron, which 
is heavily reinforced top and bottom to 
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Steel Ribs Reversed for Retaining-Wall Forms 


prevent breaking by the ice and to elim- 
inate unequal settlement. Eight rows of 
piles are shown under the apron, which are 
cut off so as to be embedded 6 in. In addi- 
tion there is a row of steel sheet piling 
under the cut-off wall at the downstream 
end of the apron. The apron is detached 
from the main section and drained, as 
shown in one of the drawings. 

Records of the blows toward the end of 
the driving operation were carefully noted 
and calculations made of the bearing value, 
20,000 Ib. per pile being allowed. A chart 
of pile lengths required was made up from 
the test piles, on which observations were 
made as they were driven. If the bearing 
value of 20,000 Ib. could not be obtained, 
additional piles were added so as to reduce 
the loading per pile to a safe bearing 
value. Steel sheet piling was driven in 
maximum lengths of 25 ft. Under the dam 
the length was determined from the bor- 
ings to penetrate the impervious material 
5 to 7 ft. 

As work was initiated in January, many 
of the piles both for cofferdam and for the 
foundations of the final structures were 
driven in a trench chopped through 3 to 7 
ft. of ice, or, in the case of round piles, a 
stick of dynamite was exploded in a small 
hole. Near shore some frozen ground was 
encountered. Toward spring, owing to the 
danger of sudden thaws, the drivers usu- 
ally rested on timber-capped piles. The 
maximum number of feet of piles driven 
by the five drivers equipped with 3000-lb. 
Warrington steam hammers was 3150 ft. 
per ten-hour day, while an average of 1800 


ft. per day was made for five months. All 
wood piles were pine or tamarack. 
POWER-HOUSE FOUNDATION 

Excavations for the draft tubes, the 


lowest portion of the power house, exten? 
25 ft. below natural river bed through 
clay. The general scheme has been to drive 
steel sheet piling at the downstream side 
to hardpan and on the upstream side to 
drive into an overlying impervious clay. 
Wooden piles, driven to sustain at least 
20,000 Ib. each, as under the spillway, con- 
stitute the supports. The piles under the 
downstream part of the power-house sub- 
structure where the greatest loads will 
come were driven to refusal. Maximum 
lengths under the power house were driven 
to a depth of 40 ft. and, by formula from 
penetration per blow, will support 22,100 
Ib. About 300 ft. of the steel sheet piling 
under the spillway section which encoun- 
tered the hard strata at a higher elevation 
than anticipated were cut off by an oxy- 
acetylene torch. This work required the 
services of two men for six days. If time 
was available it was found cheaper to nick 
the sheet piles with a cold chisel and break 
off the extra portion with a side pull by a 
line from a pile driver. When logs from 
old cribs were encountered a wedge applied 
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to the lower end of a pile was used to cut, 
split or drive the obstruction to one side. 
Large boulders were dynamited. 


DRAFT-TUBE EXCAVATION 


One photograph indicates the system of 
bracing in the power house excavation. 
Braces and wales were 12 x 12-in. timbers 
backed by 3-in. sheeting. By the first 
method of sinking, the draft-tube pits, ex- 
cavation and driving of sheeting pro- 
gressed simultaneously, but the piles were 
driven after the excavation was completed. 
The greatest difficulty was from kicking 
up of the bracing due to the pushing in of 
the sheeting, combined with the upward 
thrust of the clay on the braces. Toward 
the end it became apparent that the timber 
wales could not withstand the pressures, 
inasmuch as at times three thicknesses of 
12x12-in. sticks were bent almost to 
breaking. Finally two 15-in. I-beams were 
latticed together and used across the long 
sides of the pit as wales in five sets ver- 
tically. They were braced with three 
12 x 12-in. timbers across the center of the 
pit between the locations of the two draft 
tubes. Elaborate kneebraces were also used 
in the corners. 

By the second method of excavation, 
that for the three central draft tubes, the 
sheeting and piles were driven before any 
excavation was attempted. Followers were 
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used to drive the bearing piles the full 
depth. Back of the draft tube the sheeting 
was driven successively before excavating 
the separate lifts. The clay was sufficiently 
stable to hold the lower ends of the sheet- 
ing until the wales and brace could be 
inserted. 


Some of the bracing in the first pit was . 


boxed in and removed after the concrete 
had set, but in a few instances timbers 
were embedded. An extension of the 
power house beyond the end of the draft 
tube was left off, as the material in front 
of it must be removed eventually when the 


concrete can be placed in = much less 
cramped quarters. 
COFFERDAMS 


Cofferdams for the power house were 
built during the winter to enable an early 
start in the spring. A line of piles, driven 
in a diagonal direction upstream from the 
island above the power house, acted, with 
the ice inclosed, to protect the cofferdam 
from floating ice during the _ spring 
breakup. 

Upstream the cofferdam consists of a 
line of 6-in. sheeting driven into the clay 
and supported by two wales resting against 
piles driven on 7 ft. 9-in centers. These 
piles are braced by timbers resting against 
the first row of piles in the construction 
trestle and also against three intermediate 
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bracing piles driven between the trestle 
bents. 

At the downstream side the same method 
was used, except that bracing piles were 
driven only opposite the main supporting 
piles at 7 ft. 9-in. centers. Clay was filled 
in on the water side and a practically 
bottle-tight dam was secured. The maxi- 
mum water depth is 15 ft. against the dam, 
the top of which is 1 ft. below the highest 
recorded water level. Instead of the braced 
cofferdam noted rock-filled timber cribs 
with piles driven at the corners were em- 
ployed in deeper and swifter water. 


FORMS FOR SPILLWAY. 


After the spillway section of the dam, 
with the exception of four 54-ft. openings, 
and the entire apron in the first cofferdam 
were completed, the cofferdam was de- 
stroyed to pass the water while the re- 
mainder of the dam was being built. It is 
proposed to close simultaneously the four 
54-ft. openings left for passing the water 
by means of the combined forms and cof- 
ferdam, which comprise sets of vertical 
and inclined steel ribs made up of two 12- 
in. channels and spaced on 4 ft. 2%-in 
centers. 

The inclined ribs are furred out to carry 
a pair of curved angles against which 4-in. 
wooden lagging is secured by clips. Rods 
secured to the piles hold the forms down 
against an assumed pressure of 1000 lb. 
per square foot, due to placing concrete 
to a depth of 4 ft. per hour. This is in 
accordance with experiments carried out 
by Major Francis R. Shunk, as reported in 
the Engineering Record of Jan. 15, 1910, 
page 71. Lagging is carried up nearly to 
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Sectional Elevation of Power House Substructure on Center Line of Main Unit and Front View of Draft Tube 
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Cross-Sections of Earth and Masonry Dams, with Details for Open Sections through Which River Flow Was Passed 


the top of the curved portion of the dam, 
the remainder being finished by hand. In 
erecting the forms one vertical and one 
inclined rib are set up simultaneously and 
bolted together by a gusset plate attached 
to the top of the vertical rib. The bases 
of the latter fit into pockets in the concrete 
apron. In the design pockets were pro- 
vided in concrete pedestals to receive the 
vertical ribs, but the idea was abandoned 
and the bases rest on 12x 12-in. timbers. 
Two verticals at each end are latticed to- 
gether for stiffness, and the remainder are 
spaced by bolts and pipe separators. For 
the closing sections, those through which 
water must pass during construction, a 
special concrete sill is deposited, as shown 
in one of the drawings. It provides pock- 
ets for the verticals and a longitudinal 
timber with which the first placed stoplog 
may make a tight joint. If sand accumu- 


lates in the pockets it will be removed by a 
jet. Over this section it was first proposed 
to lay concrete to a depth of 2 ft. to cap 


Transverse Rib for Draft-Tube Form 


the piles, but this procedure involved an 
objectionable horizontal joint, so that the 
engineers decided to plank over the section 
temporarily between the upstream sill and 
the apron. 

When used for the dam sections the in- 
clined ribs were turned over and a tra- 
pezoidal-shaped web was used for the con- 
nection to the gusset plate on the verticals. 
The furring was made removable by bolt- 
ing it on instead of riveting it; but it was 
found unnecessary to take advantage of 
this provision. 


DRAFT-TUBE AND SCROLL-CASE-FORMS 


Four collapsible draft-tube forms were 
constructed 300 ft. away from the site. 
Although each form contains 20,000 ft. of 
lumber, when it is time to set up one in the 
pit two days only are required to take a 
form apart and reassemble it in place. The 
form is built up on a central rib, or keel, 
of four sections of several thicknesses of 
2-in. planks. Around the keel four sections 


are assembled on transverse ribs secured 
by short angle-iron clips. The top sec- 
tions are wedged 3 in. away from the lower 
sections, so that they can be dropped for 
removal to clear the concrete. They slide 
out on 2x 4-in. longitudinal struts. Each 
tube form is made up of sixteen quarter 
sections. 

Similarly the scroll case forms are made 
up in sections secured to a central hori- 
zontal rib made in five sections supported 
on top of the uppermost draft tube section, 
across which a grillage of 8 x 8-in. timbers 
is placed to support short struts of the 
same dimensions. The same general scheme 
of wedging and removing the sections is 
practised as in the draft tubes. 


CONSTRUCTION PLANT 


All materials are received over the Min- 
neapolis & Northern Railway over a 4000- 
ft. spur which enters the plant by a high 
line on a trestle leading over the material 
bins, or by a track to the power house. 


Bracing in Draft-Tube Excavation Distorted by Pressure 
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Arrangement of Steel Ribs for Forms of Spillway Section 


Sand is obtained from a pit on the site, 
but broken stone is brought in from Minne- 
apolis. The sand bin has a capacity of 
500 cu. yd. and the broken stone storage 
is 1000 cu. yd. Between these bins is the 
mixer plant, on the main platform of which 
is a steam-driven hoist operating 14-yd. 
Peteler material cars over inclined indus- 
trial tracks from the under side of the bins 
to the hoppers of the two 114-yd. motor- 
driven Austin cube mixers. Concrete is 
transported to the forms in 114-yd. Peteler 
side-dump cars by four Porter dinkey en- 
gines over 3-ft. gage tracks leading past 
the power house to the spillway. So far 
440 cu. yd. have been placed per ten-hour 
day as a maximum, but the usual average 
has been 350 cu. yd. in an equal period. 


METHODS OF DEPOSITING CONCRETE 


Except where the forms are some dis- 
tance from the trestle, concrete is deposited 
directly through rectangular chutes into 
the forms. Otherwise wheelbarrows or 
buggies are employed, a hopper being 
placed at the end of the chute. In cases 
where the concrete has been placed in 
forms higher than the trestle, a crane is 
used to raise an ordinary cylindrical bucket 
to an elevated chute. 

Handling of material and forms is ac- 
complished from the trestle largely by a 
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McMyler Interstate 12-ton locomotive hoist 
which travels over the standard-gage 
track. 

Camp, started in the winter, was laid 
out in an oak grove at the top of a 15 to 
25-ft. terrace overlooking the development. 
The houses are built of shiplap, lined with 
Ford tarred roofing paper and heated with 
furnaces. Water from a 4-in. artesian 
well, 210 ft. deep, is supplied to each build- 
ing and to the fire-pressure system by a 
Worthington two-stage motor-driven pump. 
Sewage is carried to a disposal system con- 
sisting of an Imhoff tank and provision 
for a bleach-treating process before the 
sewage is discharged into the river below 
the point of operations. During the rush 
period of work 900 men were housed in the 
camp. 

The Coon Rapids development is owned 
by the Northern Mississippi River Power 
Company and leased to the Minneapolis 
General Electric’Company. The work was 
designed and is being constructed by H. M. 
Byllesby & Company. Mr. Otto E. Osthoff 
was chief engineer, Mr. W. R. Thompson, 
manager of engineering and construction, 
and Mr. J. William Link, hydraulic engi- 
neer. Construction was carried on by the 
force-account method under Mr. W. T. 
Walker, construction superintendent, and 
and Mr. W. B. Saunders, resident engineer. 
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Sectional Plan of Intake and Scroll Case of Coon Rapids Development 


Concrete Cribs for Pier Construction 
at Victoria, B. C. 


Proposal to Float Them to Place over Prepared 
Foundation and Sink in 35 Feet of Water 


ENDERS are now being invited for the 

construction of two piers at Victoria, 
B. C., which are to be followed by two more 
of similar size and design. The cost of the 
two now proposed will total $3,000,000. 
The piers will be 250 ft. wide, from 800 to 
1000 ft. long and spaced so as to allow a 
300-ft. berthing slip between them. 

In preparing the foundations the first 
work will be the dumping of large rock at 
the site, bringing the water to a uniform 
depth of 35 ft. The maximum natural 
depth is 65 ft. After sufficient rock has 
been dumped divers are to be employed to 
mark off the foundation and then assist in 
leveling a strip 35 ft. wide just inside the 
entire perimeters of the docks. This level- 
ing will be done by dumping small rubble 
where required and having the divers pack 
up the surface. The central portion of the 
foundation area will be left in the rough. 


CONCRETE CRIBS 


While the foundation is being prepared 
reinforced-concrete cribs, 100 x 35 ft. in 


- plan, with 39-ft. walls, are to be built and 


launched. These cribs are to be strength- 
ened by two longitudinal walls 11 ft. 8 in. 
on centers and transverse bulkheads 10 ft. 
apart and 10 in. thick. The floors and main 
walls of the cribs are to be 20 in. thick, and 
sea_cocks are to be provided in the floors to 
admit water for sinking the cribs after they 
have been floated to the exact location de- 
sired over the 35-ft. strip which has been 
leveled off around the foundation border. 
These cribs are to weigh 3220 tons each, 
and are calculated to draw 29 ft. of water. 

The cribs will be located end-on entirely 
around the piers, twenty being required for 
pier 3, twenty-two for pier 2, and three for 
the bulkhead between piers. All of these 


‘bulkheads stand with their tops 4 ft. above 


low tide level. When the cribs have been 
sunk in place they are to be filled with rub- 
ble, which will then be levelled off to provide 
a uniform base for the superstructure. The 
superstructure is to be of concrete and will 
rise to a height of 12 ft. above the cribs for 
the full length of the piers. Finally, the 
area between the superstructural walls will 
be filled with hard-packed rubble. 

It is estimated that 4,334 tons of rein- 
forcing will be used in.the cribs, which are 
to require 66,500 cu. yd. of concrete, while 
the superstructure will need 18,000 cu. 
yd. more. The total rock capacity of the 
eribs will be 161,000 cu. yd., while 1,094,- 
000 cu. yd. more will be needed to fill in be- 
tween the cribs and behind the bulkhead. 

The plans and specifications of the docks 
have been prepared under the direction of 
the chief engineer of the Department of 
Public Works, Ottawa. Mr. J. 8. MacLach- 
lan, district engineer for the Dominion Goy- 
ernment, will supervise the construction. 


THE BASCULE LEAF of the double-track 
bridge across the Calumet River at Chicago 
was described in the Engineering Record 
of Dec. 20, page 607, where it was properly 
credited as the longest of its kind yet built. 
The center length, which is 235 ft., was 
given as 230 ft., which is the length of the 
next longest single-leaf bascule span—the 
one for the one-track Scherzer lift over the 
Cuyahoga River at Cleveland. 
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Purchasing City Supplies 


Third Portion of Report by Elihu C. Church on Contracts, Prices and 
Quantities for Bureau of Supplies, Department of Water Supply, New York 


of the Bureau of Supplies of the De- 
partment of Water Supply, Gas and 
Electricity of New York City, as outlined 
in a report by Elihu C. Church to Commis- 
sioner Henry M. Thompson, have been 
dealt with in two former articles (see En- 
gineering Record, Jan. 3, page 21, and 
Jan. 10, page 52). In this, the third ar- 
ticle of the series, the questions of con- 
tracts, prices and quantities are discussed. 
The Bureau of Supplies lets all contracts 
for the purchase of material, and for the 
doing of work and the rendering of serv- 
ices. When the present reorganization 
began two years ago its share in these 
activities was much restricted, in fact it 
merely acted as agent for the other 
bureaus, and bought what it was told to 
buy, or contracted for what it was told to 
contract for, in a purely mechanical way. 


(Cor tne & phases of the reorganization 


RIGHT MATERIALS 


It took much study to ascertain and 
formulate the fundamental principles of 
correct purchasing which are the answer 
to the first question, but once determined 
they proved to be quite simple. They may 
be concisely stated thus: Get the right ma- 
terials in correct quantities at the lowest 
price. 

The duty of always purchasing the 
“right” materials is the most important and 
difficult one that confronts the purchasing 
agent. The right material does not neces- 
sarily mean the best grade of stock in the 
market, neither does it mean the cheapest 
that will suffice for the purpose. The right 
material is the material most suitable to 
the purpose for which it is intended and 
containing the greatest units of value 
(service) per unit cost. A hose which 
might burst would be perfectly satisfactory 
for flushing the streets, but it would not 
do for fire service. One often hears the 
expression: “It costs a little more, but it 
will wear twice as long.” The “wear” 
represents the units of service. 


STANDARDIZATION OF MATERIALS 


It has been one of the first and most 
important duties of the Bureau of Supplies 
to determine the various grades or qualities 
of materials which will be furnished for 
specific purposes. Multiplicity of styles 
and types of stock is a costly nuisance and 
a serious disadvantage. A list containing 
all the various items regularly requisi- 
tioned, and in current demand, should be 
prepared. These items should be consid- 
ered with regard to their cost, nature, 
composition, wearing power, keeping qual- 
ities, and the conditions under which they 
are to be used. The prevailing practice at 
the present time consists in having the 
man who is going to use supplies make out 
an order for the quantity and quality that 
he wants. This order is forwarded through 
various officials in his bureau and is finally 
passed on to the Bureau of Supplies for 
them to make the purchase. Such pro- 
cedure is all wrong. 

In the first place such methods often re- 
sult in men in the class of laborers being 
the ones who ultimately settle on the qual- 
ity of materials ordered. Contrary to pre- 
vailing opinion, workmen who use materials 


themselves seldom order what is best 
suited to their conditions. They are par- 
ticularly open to influence by salesmen or 
agents and generally order by some trade 
name, with very little idea of the article’s 
real merit or those of its competitors. The 
careful measurements of the testing lab- 
oratory and the precise and exact experi- 
ments of the chemical laboratory should be 
the guide to the writer of specifications 
rather than the generally biased opinion of 
some subordinate. It is of prime im- 
portance to have all equipment of similar 
nature interchangeable. 

Standardization of supplies permits 
great improvement to be made in the 
storekeeping system. It means less money 
invested in stock, less stock to be stored 
and looked after, and less paper work in 
connection with stores records, inventories 
and reports. The stock on hand moves 
faster and there is less loss from deprecia- 
tion, or of stock becoming obsolete. In the 
absence of such standardization, there is a 
tendency to order the highest grade ob- 
tainable when the goods are not to be paid 
for by the man doing the ordering. An- 
other tendency of men who write requisi- 
tions for which they do not pay out of their 
own pockets is to prepare some special 
design that suits their fancy rather than 
order standard ready-made articles. Men 
seem particularly prone to do this, espe- 
cially if they can call on the services of a 
departmental carpenter to carry their plans 
into effect. If requisitions for unusual 
materials or for articles of special design 
can be eliminated, and standard materials 
for the same purpose purchased in their 
place, a large saving in cost can generally 
be effected. There are, of course, many 
circumstances when materials of even the 
highest quality are none too good, particu- 
larly so where the cost of replacement is 
high compared to the cost of the article; 
or where any failure on the part of the 
material in service might result in serious 
consequences. 

The purchasing agent who deals solely 
with high-grade salesmen representing es- 
tablished business houses with jealously 
regarded reputations knows nothing of 
the trials and tribulations of the man who 
must receive tenders from anyone who 
chooses to put in a bid. One time when 
the bureau advertised for “boxes of 
matches,” without stating the number each 
box should contain, the low bidder at- 
tempted to deliver little boxes similar to 
the kind cigar stores pass out with every 
purchase of a box of cigarettes. In an- 
other instance a man delivered feather 
dusters which averaged about seven feath- 
ers each and gravely contended that he 
was within his rights as the number of 
feathers had not been specified. 


CONFERENCES WITH MANUFACTURERS 


The ordinary salesman knows nothing of 
the factory conditions where his goods are 
produced, nor is he acquainted with the 
technique of production to an extent which 
enables him to tell how any change in 
specifications will affect costs. Many pur- 
chasing agents have but a clerical training, 
with no testing laboratory experience, and 
have no adequate idea of the conditions 


under which the goods they purchase are 
to be used. The salesman and the pur- 
chasing agent meet on the old ground of 
mutual suspicion, and discuss prices and 
discounts. 

The most satisfactory thing to do is to 
get the production engineer and the fac- 
tory superintendent to meet the engineer 
who is to use the product. The producer 
shows how certain customary requirements 
increase cost without corresponding in- 
crease in efficiency. The man using the 
materials tells of the difficulties he has en- 
countered, and often finds he has not been 
calling for the proper material, nor using 
it correctly. Both sides profit from such 
meetings. 


SPECIFYING DETAILS VERSUS CALLING FOR 
RESULTS 


It often happens that what men desire is 
results and that they concern themselves 
but little, if at all, with the way they are 
produced. Specifications based on this 
principle state what is wanted and leave 
the rest to the ingenuity of the contractor. 
It often happens that a clever man, left to 
his own devices, will develop most novel 
and economical ways of achieving a de- 
sired result, and will be able to underbid 
all competitors. However, when this way 
is adopted, there should be no interference 
with the methods employed to bring about 
the results. Do one of two things. Hither 
tell the contractor what you want in the 
way of a result, or else state in detail the 


. way the work is to be done, and then abide 


by the consequences. Nothing is more un- 
fair than to describe in detail the particu- 
lar methods to be followed in doing a piece 
of work and then require a warranty as to 
the result. 

It generally happens that the men who 
purchase supplies do not come in contact 
with them when in use and have no in- 
formation concerning the value and the 
wearing qualities of the goods they buy. 
The closest relations should exist between 
the purchasing and the opera‘ing divisions. 


CORRECT QUANTITY 


The problem of purchasing the right 
quantity of supplies at a time is complex 
and should be governed by the following 
general principles: 

1. There must be records showing the 
total quantity and nature of all stock on 
hand. 

2. A material budget should be prepared 
containing the annual amount of all staple 
supplies used by the department. These 
data should be ultimately extended to give 
the average monthly consumption of each 
item. 

3. The amount of material needed to 
meet the plans for new work, repairs, re- 
newals, and s& forth (wherever the same 
are to be purchased by the department), 
should be carefully calculated when the 
said undertakings are decided upon, and 
the supply bureau immediately informed. 


THE MIDDLEMAN 


Supply contracts should be so drawn 
that goods in different groups or divisions, 
as determined by manufacturing speciali- 
zation or trade usage, may be bid on 
separately; for if orders are drawn to con- 
tain goods of different classifications the 
bidders will be “middlemen” and “commis- 
sion merchants,” not the makers of the 
wares nor the regular dealers in the vari- 
ous subdivisions in which supplies are 
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customarily bought and sold. These “mid- 
dlemen’”’ besides adding their profits to the 
manufacturer’s price, thus increasing the 
cost of the article, are, as a rule, irrespon- 
sible parties with whom it is most unsatis- 
factory to do business. 


PROMPT PAYMENT OF BILLS 


Delay in paying bills does more to dis- 
credit a department with contractors, to 
discourage many of the best firms from 
competing for city business and to cause 
those who do bid to bid high in self de- 
fense, than almost any of the other iniqui- 
ties of lax and inefficient administration. 
On the other hand, a reputation for fair- 
ness and promptness in meeting all obliga- 
tions can only result from a carefully 
thought out business procedure where sys- 
tem rules and all work goes forward sys- 
tematically without halts and delays. 

Prompt payment of bills requires prompt 
inspections and a method of despatching 
which will convey these reports to the au- 
ditor in the shortest possible time so that 
he may pass the bills and forward them to 
the comptroller for payment. 


ELIMINATING THE “HOLD-UP” 


Another consideration which has been 
persistently worked for is to systematize 
all procedure so that honesty and fair deal- 
ing do not depend on the personalities of 
the men now in office or of those likely to 
come into office, but that the laws laid 
down for carrying on the work are such 
that there can be no opportunity for un- 
fairness or discrimination toward any one 
doing business with the Bureau of Sup- 
plies. Witness the purchase of goods un- 
der such definite requirements that no 
matter who gets the order he will have to 
do the work properly; the elimination of 
adjectives and adverbs and such clauses as 
“work-to-be-done-in-a-suitable manner,” or 
“to-the-satisfaction-of-somebody-or - other,” 
from specifications; the publicity given to 
all lettings, and the notices thereof sent 
broadcast to all possible bidders; the imme- 
diate inspection of goods upon their de- 
livery; the right to appeal on any rejection; 
the privilege of a reinspection by a dif- 
ferent inspector when goods have been re- 
jected; the opportunity of being present 
when one’s own goods or the goods of any 
competitor are being inspected, or analyzed 
and tested in the laboratory. The “pigeon- 
hole” is the lair of graft. Any business 
which does not keep all matters constantly 
on the move, and does not have adequate 
records to show the progress thereof and 
to indicate if affairs are sidetracked, and 
if so by whom, is wrong in principle and 
in practice. When a man can “pigeon- 
hole” papers and then wait until the people 
interested come along and get him to take 
them out again, that man—well, if he isn’t 
built of the right stuff, he may be subjected 
to temptation. 


ROUTINE SUPPLIES AND EQUIPMENT 


There are certain classes of supplies of 
which it is necessary to purchase large 
quantities year after year. Under these 
circumstances there is a tendency to adopt 
a departmental design. For instance, a 
city determines to have its own special 
hydrant. Drawings are made, detailed 
specifications are prepared, and manufac- 
turers requested to bid in accordance there- 
with. What is the result? Whereas be- 
fore many independent manufacturers had 
bid, they now hold off, for the cost of a 


new pattern in accordance with the special 
city design must be reckoned; also, it is a 
bothersome matter. The firm getting the 
first contract has a substantial advantage 
in subsequent contracts, for, having the 
patterns on special machinery needed, they 
can underbid all other competitors. The 
city pays the difference. For this it has 
the advantage of the fewer spare parts 
needed to be kept on hand, but loses such 
advantage as may be obtained by getting 
the latest commercial article with its up-to- 
date improvements. Special departmental 
designs tend to become obsolete, and, unless 
the city owns its patterns and furnishes 
them gratis to the successful bidder, such 
special designs are expensive luxuries. In 
fact, it is a wise maxim to “let the seller 
design the goods.” 


Repairing a Concrete Chimney 


SEVEN-YEAR-OLD  reinforced-con- 

crete chimney, 125 ft. high, was re- 
cently repaired by picking the loose mate- 
rial from the cracks, filling them with 
cement mortar, covering with two coats of 
waterproofing and encircling with Drols- 
hagen 4% x 4-in. bands every 4 ft. Stress 
rods 1144 in. in diameter were also placed, 
as shown in the photograph, from the en- 
larged portion at the bottom 8 ft. in diam- 
eter to a band 18 ft. above around the 6-ft. 
portion of the stack. The section at the 
bottom is 40 ft. high and the shell is 6 in. 
thick, while the upper portion is only 4 in. 
thick. Cracks began to show up shortly 
after construction, principally at points 
opposite the ring reinforcing bars. They 
kept increasing in size with weather action 
until, when repairs were made, the material 
easily removable down to the rods, 14 to 1 
in. inside the shell, had a maximum width 
of 2% in. 


Before and After Repairing Chimney 
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Mr. Peter Drolshagen, chimney expert, of 
Aurora, IIl., made the repairs for the owner, 
the Manz Engraving Company, of Chicago. 


Exposition Hall and Bridge Shop 
Combined 


Machinery Building at Leipzig Designed So that 
It May Be Converted into Industrial Plant 


NE of the principal structures for the 
International Building Exposition at 
Leipzig is the 164x342-ft. steel-frame 
building designed by Paul Banft, of Leip- 
zig, and built by Grohmann & Frosch, and 
rented to the exposition for use as Machin- 
ery Hall. The building was designed with 
special consideration for its subsequent use 
by the builders as a bridge shop, and its 
arrangement and equipment of traveling 
cranes are intended to serve both purposes. 
‘It is about 67144 ft. high to the top of the 
main roof and has one 85-ft. center aisle 
commanded by two 10-ton traveling cranes, 
and two 39-ft. side aisles with single 5-ton 
cranes. The general design of the building 
conforms closely to advanced steel-shop con- 
struction in this country, but the details 
vary considerably from it in some of the 
important members. The wall columns, 
23 ft. apart, carry the side aisle roof trusses 
directly, and the center-aisle columns, 69 ft. 
apart, carry riveted longitudinal trusses 
about 14 ft. deep, each of which supports 
two intermediate center and side-aisle roof 
trusses, while every third roof truss is car- 
ried directly on the columns. 
., The center-aisle columns are double with 
two H-shape shafts 4% ft. apart trans- 
versely, with their feet riveted between the 
webs of a single, long, wide, structural- 
steel pedestal. 

The inner shaft has a much lighter sec- 
tion and is braced to it with horizontal and 
diagonal struts forming essentially the web 
members of a vertical truss. Riveted to 
the face of this column are the runway 
trusses, 41% ft. deep, of the 10-ton crane 
girders. As these girders are thus offset 
nearly 5 ft. beyond the center of the main 
longitudinal girders, they are supported 
from the latter at intermediate points by 
cantilever brackets 23 ft. apart, which pro- 
duce eccentric loading on the longitudinal 
trusses. The building is lighted by large 
continuous window areas in the side walls 
and in the inclined clere-story surfaces of 
the center-aisle roof and monitor. 


AN AUTOMATIC PENSTOCK VALVE at the 


- Léntsch plant in Switzerland was, accord- 


ing to the “Schweizerische Bauzeitung,” put 
in operation through an accident on Nov. 
14, 1913. Faulty operation in the power 
house created severe water hammer. This 
water hammer broke the lower end of the 
penstock, which is curved near the power 
house, and pressed the automatic emergency 
valve near the surge tank into service. This 
valve is of the butterfly type, with a ver- 
tical shaft, and is operated by water 
under pressure. There are three pipes in 
all, each provided with a set of two valves, 
the lower one being operated automatically 
and the upper valve geared for hand drive. 
The automatic valve closed promptly, so 
that the loss of water amounted only to the 
contents of the pipe. As the other two 
pipes remained uninjured, no interruption 
in the service took place. It is to be noted 
that this penstock has no air vents and, 
consequently, is figured to take the atmos- 
pheric pressure when emptied. 


* 
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Economic Conduit Location 


Diagram to Assist in Selecting Proper Type of 
Structure for Varying Topographical Conditions 


located in a country of uniform topog- 

raphy, changes at certain points from 
one type of construction to another for the 
sake of economy and safety. Rarely does a 
conduit of any great length consist en- 
tirely of canal section. It changes to 
flumes, siphons, pipes, bridge flumes or tun- 
nels as demanded by the prevailing condi- 
tions. The points of change are deter- 
mined not only by the slope of the ground, 
material encountered and local conditions, 
but also by economic considerations. In a 
paper printed in the “Proceedings” of the 
American Society of Civil Engineers for 
December, 1913, Mr. C. E. Hickok explains 
a diagram, evolved by him, giving the 
equivalent lengths, from an economic stand- 
point, of various types of conduit. 


Borcstes conduit carrying water, unless 


TUNNEL OR OPEN CUT? 


This diagram is so constructed that when 
a locating engineer comes to a point where 
he must decide whether to tunnel through 
a ridge or follow the grade around it with 
a canal, he measures the length of the two 
possible routes and decides the question by 
means of the diagram. This not only elimi- 
nates loss of time but assures a compari- 
son between the alternatives as to first cost, 
depreciation, head and evaporation and 
seepage loss values, interest, taxes, inspec- 
tion and repairs. 

Assume a case where the project under 
consideration is to be used for irrigation 
and hydroelectric purposes, and where the 


conduit has a capacity of 44.6 sec.-ft. and a 
slope of 0.1 per cent. Four types of conduit 
to be used are shown in the accompanying 
drawing. 

Obviously each foot in length of conduit 
saved means a saving in head loss, as well 
as in evaporation and seepage losses. The 
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550 = 3.9 hp. = 2.8 kw. Subtracting 10 
per cent for transmission and transformer 
losses, the result is 2.61 kw at $55 = 
$148.50. 

Evaporation Loss.—Assuming an evapo- 
ration of 5 ft. per annum, (8 x 1000 x 5.0) / 
43560 = 0.915 acre-ft. per year = 0.0025 
acre-ft. per 24 hours = 0.00125 sec.-ft. with 
a head of 1500 ft.; (0.00125 x 1500 x 62.5 x 
0.77) /550 = 0.162 hp. = 0.121 kw. Sub- 
tracting 10 per cent for transmission and 
transformer losses, the result is 0.109 kw 
at $55 = $6. 


Selected Types of Conduit Used for Establishing Diagram 


value of this saving is ascertained in the 
following way, taking 1000 ft. of conduit: 

Head Loss.—A conduit 1000 ft. long dis- 
sipates 1 ft. head. With a discharge of 44.6 
sec.-ft. and 77 per cent efficiency the horse- 
power value is (1 x 44.6 x 62.5 x 0.77) / 
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Lengths in Feet of Conduit below Straight Line 


Equivalent Lengths of Various Conduits 


BASED ON ESTIMATED ORIGINAL Cost, ANNUAL EXPENSES AND PRODUCING VALUE OF 
ONE LINEAR Foot or CONDUIT f 
General Formula.— y (Cy) = «# (Cx) + (w«—y) V+ @ (Ax) — y (Ay) where Cy = estimated cost per 
foot of conduit above line: A;, estimated annual expense per foot of conduit above line capitalized at 


10 per cent; Cx, estimated cost per foot of conduit below line; Ax, estimated annual expense per foot of 
conduit below line capitalized at 10 per cent; and V, estimated value of one foot of canal for power and 


irrigation purposes — $2.53. 


Tunnel is credited with 10 cents per foot for saving in evaporation. 


Type of conduit 
Tannel 


Values Used 
Original Annual 
cost per ft. expenses per ft. 

a cot Se Sag aa nO $16.50 1.98 
Sis A CEI BA OO DOO era 2.30 0.325 
RAR EOL e chs ate 3:0" si0rs 4.28 0.579 
To Re ree eats a Chenois cwiiovevate Yate 5.88 0.961 
NE ie Un Nie cpt aie ca ip: 9 = 7.46 1.211 
Re a tas cat tea alco wlid.ce,'t >» 10.64 1.714 
5.58 0.887 


Steel siphons are credited with $1.10 per foot for saving in evaporation and seepage. 


Example: 


= 
4000 ft. of concrete-lined canal can economically be replaced by less than 832 ft. of tunnel. 


SZ RZ 
Sp Concrete Flume Vy, 
Seepage Loss.—From tests made _ by 


Messrs. Elwood Mead and B. A. Etcheverry 
at the University of California it is con- 
cluded that the rate of percolation through 
a 3-in. canal lining under a head of 3.5 ft. 
is about 0.0043 ft. per hour, or 0.103 per 
24 hours; (8 x 1000 x 0.103) /43560 = 
0.0188 acre-ft. per 24 hours = 0.0094 sec.- 
ft., and (0.0094 x 1500 x 62.5 x 0.77) /550 
= 1.23 hp = 0.92.kw. Subtracting 10 per 
cent the result is 0.828 kw at $55 = $45.54. 

The total annual power loss is $143.50 
+6-+ 45.54 = $195.04. This amount capi- 
talized at 10 per cent is $1,950.40, or $1.95 
per foot. 


IRRIGATION LOSSES 


The value 0.0025 acre-ft. in 24 hours 
from the foregoing = 0.00125 sec.-ft. = 
0.0625 miner’s inch. Assume 25 per cent 
evaporation loss before delivery to con- 
sumer. Then 0.047 miner’s inch at $0.40 
per day makes $6.86 per year loss by evap- 
oration. 

The value 0.0188 acre-ft. per 24 hours, 
from the foregoing = 0.0094 sec.-ft. = 
0.47 miner’s inch. Subtracting 25 per cent 
loss gives 0.353 miner’s inch, which at $0.40 
per day makes $51.64 per year loss by 
seepage. 

The total annual irrigation loss is $6.86 
+ 51.64 = $58.50. This amount capital- 
ized at 10 per cent is $585 or $0.585 per 
foot. 

RESUME 


The power loss per foot is $1.95; irriga- 
tion loss per foot, $0.585; total loss per 
foot, $2.535. The first cost and the annual 
charges of each type of conduit are next 
computed. The annual charges are taken 
as consisting of the following items: In- 
terest, depreciation, taxes, inspection, and 
repairs. The annual charges of each con- 
duit are capitalized at 10 per cent and 


’ added to its first cost, which gives a figure 


having a real comparative value. For in- 
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stance, the comparison between a lined 
canal and a concrete-lined tunnel is ob- 
tained as follows: 

For concrete-lined canal the first cost per 
foot for excavation, 2 cu. yd. at $0.36, is 
$0.72; for concrete, 4.25 cu. ft. at $10.20 
per cubic yard, the cost is $1.57. The total 
cost is $2.29. The annual charges are: In- 
terest at 10 per cent, $0.28; depreciation at 
2 per cent, $0.046; taxes, $0.019; inspection, 
$0.01; repairs, $0.02; or a total of $0.325. 
Capitalized at 10 per cent this makes $3.25, 
or together with $2.29, the first cost, a total 
of $5.54. 


CONCRETE-LINED TUNNEL 


Excavation for concrete-lined tunnel, 
2.25 cu. yd. at $5.50, costs $12.40; concrete 
and forms cost $4.10, or a total of $16.50. 
The annual charges are: Interest at 10 
per cent, $1.65; depreciation at 1 per cent, 
$0.165; taxes, $0.137; inspection, $0.01; 
repairs, $0.02—total, $16.50. 

Capitalized at 10 per cent this makes 
$19.82, which, together with the first cost, 
gives a total of $36.32. 

It is evident if the conduit is shortened 
by building the tunnel that the first cost 
and the capitalized annual cost of the tun- 
nel can exceed the first cost and the capital- 
ized annual cost of the canal by an amount 
equal to the length of conduit saved mul- 
tiplied by the loss value per foot of con- 
duit. This is shown by the equation: 
Y¥(Cy + Ay) = X(Cze + Ac) + (4 — y) V 
where X = linear feet of canal; Y, linear 
feet of tunnel; C,, estimated cost per foot 
of canal; A, estimated annual charges per 
foot of tunnel capitalized at 10 per cent; 
Cy; estimated cost per foot of tunnel; A,, 
estimated annual charges per foot of tunnel 
capitalized at 10 per cent and V, value of 
losses per foot of conduit. 

In the case of a tunnel, the evaporation 
will be considerably lessened, thereby ef- 
fecting an additional saving. If entirely 
eliminated, this saving would amount to 
12.8 cents per foot as shown above. This 
was reduced to 10 cents and the first cost of 
tunnel credited with that amount. Insert- 
ing the proper values in the equation: 
Y (16.40 + 19.82) = X (2.29 + 3.25) + 
(% — y) 2.53 or Y = 0.208 X, the equation 
of a straight line. 

In the same way any two types of con- 
duit can be compared and the resulting 
straight-line equation obtained. The dia- 
gram, which is self-explanatory, shows the 
results. 

In the case where a siphon crossing a 
gulch is compared with a canal or flume 
passing around the head of the gulch the 
cost of the siphon is credited with the sav- 
ing in evaporation and seepage through- 
out its length, which in this case amounts 
to $1.10 per foot. 

A diagram of this sort cannot be relied 
on entirely in the location of a conduit, for 
there are local conditions on every piece 
of work which must be taken into account. 


AN IRRIGATION INVESTIGATION to deter- 
mine the feasibility of the Iron Canyon 
project in California will be undertaken by 
the U. 8. Reclamation Service. The project 
is located along the Sacramento River below 
the city of Red Bluff. The Reclamation 
Service will survey the project, prepare de- 
signs and estimate the cost. The expense 
incurred is not to exceed $20,000 and is to 
be borne equally by the Iron Canyon Proj- 
ect Association and the Government. 


Book Reviews 


A 1380-page handbook, 444 x 7 in., en- 
titled ‘““Yellow Pine,” has recently been pub- 
lished by the Yellow Pine Manufacturers’ 
Association. This is the fourth enlarged 
edition, the first having been issued in 
1904. It is aimed to be to the lumber indus- 
try what the Carnegie and Cambria hand- 
books are to the steel industry. Practi- 
cally all of the data are original, and por- 
tions compiled from other sources are a 
small part of the work. The book is bound 
in a flexible cover and its makeup and gen- 
eral appearance adhere closely to those used 
for the steel handbooks. Every architect, 
engineer, draftsman and foreman will find 
this book a necessity in the daily routine. 
It is sent free on request. (St. Louis, The 
Yellow Pine Manufacturers’ Association.) 


SHOP SKETCHING. Prepared in the Extension 
Division of the University of Wisconsin by Joseph 
W. Woolley, B.S., and Roy B. Meredith, B.S. 
Cloth, 64% x 9 in.; 102 pages; 122 illustrations. 
New York, McGraw-Hill Book Company, Ine. $1 
net. 


This beok was originally prepared for 
use in the extension division of the Uni- 
versity of Wisconsin. The work has neces- 
sarily and intentionally been made very 
elementary in character. It is intended not 
to make draftsmen but to teach shop men 
and apprentices the knowledge of drawing 
which they need in their work. The 
treatise is divided into seven chapters, as 
follows: 1,-Principles of mechanical draw- 
ing; 2, screws and screw fastenings; 3, 
sections; 4, assembly and detail drawings; 
5, gearing; 6, isometric drawing, and 7, 
free-hand drawing. 

The cuts throughout the book are ex- 
cellent and each new principle to be taught 
is wel! illustrated. A well-graded set of 
exercises is found at the close of each chap- 
ter. The work throughout is of good qual- 
ity and the text is one that could well be 
recommended for the use of those for whom 
it is intended. 


HANDBOOK FOR MACHINE DESIGNERS AND DRAFTS- 
MEN. By Frederick A. Halsey, B.M.E., Editor 
Emeritus of “The American Machinist.” Cloth, 
9 x 11% in.; 483 pages; 700 illustrations. New 
York, McGraw-Hill Book Company, Inc. $5 net. 


This reference-data book is the product 
of Mr. Halsey’s exceptional experience in 
machine design and in technical journal- 
ism. The oblivion into which many per- 
manently useful contributions to engineer- 
ing journals fade soon after publication 
prompted him years ago to classify articles 
of this type with the purpose of printing a 
handbook supplying the basic facts used in 
the design of all kinds of machinery. 

The book contains, besides the ground- 
work of standard practice and contribu- 
tions to the technical societies and press, 
much data supplied by specialists. The 
first seven pages are given over to a discus- 
sion of the mechanical principles of design, 
involving such fundamentals as equalized 
wearing surfaces and the coincidence of the 
center of pressure and center of a bearing. 
The uses of charts are also outlined. 

The subjects claiming the attention of 
the civil engineer include ropes, chains, 
springs, bolts, nuts and screws, pipe, struc- 
tural metals and alloys, steam boilers, 
steam and gas engines, compressed air and 
hydraulics and hydraulic machinery. Much 


.of the description is supplied by working 


formule and tables and by sketches and 


diagrams, the source of information being 
indicated in each case. In many instances 
several methods are offered, the author 
wisely limiting himself to a comparison of 
the applications of these to differing condi- 
tions. In fact, the text is admirable 
throughout for its concise and adequate 
comment. 

The fact that the book is of desk size, 
marking a departure from the pocket-book 
type, undoubtedly is of advantage, permit- 
ting greater detail in drawings and dia- 
grams. Another valuable feature is the 
provision in the makeup for keeping the 
book up to date. In this plan for continu- 
ous development the co-operation of all 
users of the book is solicited. 

Two valuable chapters are those on “Me- 
chanics” and “Strength of Machine Parts’ ; 
the latter includes tables of bending mo- 
ments, shears and deflections, safe loads, 
properties of I-beams and other sections, 
and similar data of more than ordinary in- 
terest to the civil engineer. 
weights and measures is also included. 

The handbook is completed with twenty- 
four mathematical tables, including the 
logarithmic and functional data indispen- 
sable to such a work. These exhibit the 
same comprehensiveness and wise arrange- 
ment that commend the volume as a whole 
to the engineer and mechanic. 


SUSPENSION BRIDGES AND CANTILEVERS. By D. B. 
Steinman, C.E., Acting Dean, Professor of Civil 
Engineering, University of Idaho. Board, 3% x 6 
in.; 185 pages; diagrams. No. 127 Van Nostrand’s 
Science Series. New York, D. Van Nostrand Com- 
pany. 50 cents. 


This book is a summary of an investi- 
gation of the relative adaptability and the 
economic limit of length of spans for sus- 
pension and cantilever bridges. The inves- 
tigation includes the economic rise ratio for 
suspension bridges, the minimum depth of 
stiffening trusses for adequate rigidity, and 
the economic depth of stiffening truss. For 
cantilevers the economic span ratio and the 
minimum width are considered. Methods 
of designing different parts of the bridge 
structures are also included. 

Among the principal features dealt with 
are the comparison of wire cables and eye- 
bars, design of cables, towers, piers, anchor- 
ages and stiffening trusses, formule for 
weights and estimates of cost for suspen- 
sion and cantilever spans and the determina- 
tion of spans of equal cost. 


INDUSTRIAL CHEMISTRY FOR ENGINEERING STU- 
DENTS. By Henry K. Benson, Ph.D., Professor of 
Industrial Chemistry in the University of Wash- 


ington. Cloth, 5 x 7% in.; 431 pages; 52 illus- 
trations. New York, The Macmillan Company. 
$1.90 net. 


While based on the author’s lecture notes, 
the book is suitable not only for students 
but also for a more general class of read- 
ers. It is not a book for chemists, but 
rather for engineers who have only an ele- 
mentary knowledge of chemistry and want 
to become acquainted with chemical engi- 
neering methods and materials not for the 
sake of theory but for practical application 
in their engineering practice. 

The first chapter describes briefly—al- 
most too briefly—the process of transpor- 
tation of materials, grinding and mixing, 
calcination and fusion, evaporation and dis- 
tillation, filtration and separation and dry- 
ing. From the standpoint of chemistry the 
book deals with the more common materials 
used in the various branches of engineering 
—their occurrence, mode of manufacture. 


A section on 
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properties, and, to a limited extent, uses. 
- The author discusses in succession the at- 
mosphere, industrial water, combustion and 
destructive distillation, solid fuels, liquid 
and gaseous fuels, petroleum and lubricat- 
ing oils, pig iron, steel, alloys, clay prod- 


Letters to 


Bag of Sugar, Dropped, Injures 
Pavement 


Sir: In constructing some brick pave- 
ment in Seattle recently for experimental 
purposes it was noticed that at one point 
the cement grout that was used failed to 
set or harden. Inquiries were made and it 
was found that a passenger boarding a car 
at this particular location dropped a 5-lb. 
package of sugar. Rain was falling at the 
time and the sugar apparently was mixed 
with the cement grout, the grout being 
applied shortly before the package was 
dropped. Some laboratory experiments 
were then conducted by placing a small 
amount of sugar with sand and cement of 
equal parts. The pat thus made up seemed 
to harden, but by immersing it in water 
disintegration immediately took place. 

W. L. HOFFEDITZ, 


Seattle. Inspector of Materials. 


Collapse of Concrete Building at 
Cedar Rapids, Iowa 


Sir: There is danger in certain methods 
of shoring a concrete-tile constructed build- 
ing which I have not noted in comments 
upon the Stark-Lyman building failure at 
Cedar Rapids, Iowa. This is the method of 
_ reshoring after the original form work is 
taken down. 

In putting up the temporary. shores in a 
concrete building it is customary to put a 
cap on the top of the shore to distribute 
the load over a section of the floor. In 
some cases the men doing this shoring are 
not careful to get these caps under the rib 
in a tile and concrete construction, and I 
know of a case where the cap was bearing 
entirely on the tile. The dead load of the 
floors above caused the tile to crush, thus 
making ineffective the support at this point, 
which put the total dead load of the floors 
above on the green floor which was sup- 
posed to have been properly shored. In the 
case I speak of it caused this floor and one 
directly above it, which was being poured 
at the time, to collapse, but the floor below 
was strong enough to withstand the shock 
of the two floors which fell, so the dam- 
age to the building was not great. 

While this may not have caused the fall 
at the Stark-Lyman building, it is a point 
which I think should be called to the atten- 
tion of superintendents engaged in rein- 
forced-concrete construction. 

Cincinnati. W. P. ANDERSON. 


Lessons from the International 
Road Congress 


Sir: My attention has been called to an 
article in your issue of Oct. 11, 1913, page 
405, by Col. William D. Sohier in which he 
gives particulars of the life of a roadway 
in Liverpool constructed on the pitch-mac- 
adam system. An error has been made 
when stating that the water-bound mac- 
adam was surfaced three times in eleven 
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ucts, hydraulic cements and lime products, 
paving materials and wood preservation, 
paint and varnish materials, plastics for 
electrical insulation, cellulose products and 
explosive materials. The book is timely and 
readable and should be useful. 


the Editor 


years. This should have been eleven times 
in eleven years, 

About the year 1901 a large number of 
experiments were made in Liverpool with 
the object of improving the life of ordinary 
macadam stone, which in the water-bound 
form gave only a life of 130,000 tons per 
square yard, while the same stone in the 
form of sets laid on a concrete foundation 
gave a life of 10,000,000 tons per square 
yard. 

The sample of pitch macadam which 
Colonel Sohier and many other American 


Section 8, Looking North 
Pitch Macadam 


Section 12 laid November, 1906. 
0.504 in. in four years. Section 8 laid Novem- 
.ber, 1901. Depth of wear 0.618 in. in four 
years. Traffic 120,000 tons per yard 
width per annum 


Depth of wear: 


Section 2, Looking North 


<UL 


Section 3, Looking North 
Waterbound Macadam (No Tar) 


Section 2: Depth of wear 0.27 in. in six months. 
Section 3: Depth of wear 0.248 in. in six months. 
Traffic 120,000 tons per yard width 
per annum 


engineers saw was put down in November, 
1901, and for twelve years has withstood 
without repair a traffic of 130,000 tons per 
yard width per annum, or a total of more 
than 1,500,000 tons. In the case of this 
road, therefore, the substitution of pitch 
macadam has increased the life twelvefold, 
and though this may be a favorable case 
it may safely be assumed from the experi- 
ence of this and other roads similarly 
treated that a tenfold increase in the traffic 
life may generally be obtained. 

It might be well to point out that the 
binding material used is not crude gas tar 
but coal-tar pitch and heavy coal-tar oils 
heated and carefully tempered, to which is 
added an equal bulk of fine hot sand. 

I send you herewith sections of vertical 
measurements on which are shown the 
actual wear of the surface of the macadam 
for a period of six months, which is the 
maximum time for water-bound macadam 
to run in this road without small repairs, 
and also accurate measurements over a 
period of four years of the piece of pitch 
macadam which was put down in 1901. 

JOHN A. BRODIE, 
City Engineer. 
Liverpool, England. 


Railroad Grade Crossings 


Sir: Much has been said in favor of the 
elimination of crossings of railroads at 
grade. There is another side to the ques- 
tion, however. The average railroad of the 


South is altogether a different proposition 
from that in the congested districts of the 
North, where a large traffic justifies ex- 
pensive construction. 

The Meridian & Memphis Railway—a 
short line in Mississippi from Meridian to 
Union, a distance of 32 miles—had to cross 
three railroads in order to reach its termi- 
nal in Meridian. All these roads are typi- 
cal of the better class of Southern railroads 
—single track, lightly ballasted, with com- 
paratively good traffic. At this point only 
one of them has block signals. Each has 
continuous yard tracks extending about 2 
miles out from the center of the city. In 
order to avoid crossing more than one 
track, the new road was so located as to 
cross each of the existing roads just beyond 
their respective yards, making a curve 
around half the city. Nearly all of this 
terminal line is in a level valley, affording 
excellent locations for industries. Grade 
crossings of the other railroads were 
therefore proposed, not only to reduce the 
cost of construction but, pre-eminently, to 
enable the new line to act as a sort of belt 
line for the city. 

As soon as the proposed location was 
made known to the Mobile & Ohio, that 
company exposed plans for an extension 
of its yards still further south, with four 
tracks to be built at once. As this cross- 
ing was a matter of vital importance to the 
new road, radical steps had to be taken at 
once. Accordingly, condemnation proceed- 
ings were immediately instituted for cross- 
ing all three roads at grade, in the hope 
that with the crossings once established 
the other roads would necessarily have to 
locate their extensions elsewhere. An in- 
junction was secured by the defendants, 
however, and in due course of time made 
permanent, sustaining their allegations 
that they all contemplated extensions of 
their yards, that they had constant use for 
these tracks and that the granting of the 
grade crossings would be confiscation of 
their rights. An appeal to the city of 
Meridian resulted in no material benefits. 
The matter was finally settled by the three 
existing railroads building bridges over 
their present and proposed tracks and de- 
livering them free of cost to the Meridian 
& Memphis, this road building the neces- 
sary approaches therefor. 

Now the point of discussion is this: Is 
the separation of grades always the thing 
to be desired? There is certainly room for 
argument. In this case the traffic did not 
justify the condemning of expensive real 
estate and property to get the most desir- 
able location. There were practically no 
hills on which to make the ascents, and 
approaches had to be made on fills. Two 
of the roads were only 1%, mile apart and 
the new line had to be held up between 
them. From these crossings the grade 
makes a dip across an industrial track of 
the Mobile & Ohio at grade, and then 
ascends to go over the main line of this 
road. 

Thus about 2 miles of the Meridian & 
Memphis are 25 ft. above the ordinary 
level, and cannot be utilized to their full- 
est extent in serving industries. To effect 
the most economical construction a mile of 
trestle work will be required, and it will 
probably be a long time before the traffic 
will justify a better type of construction. 
Derailments, which occur in unexpected 
places, would certainly prove most dis- 
astrous on such elevated tracks. It seems 
to me that these matters should be consid- 
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ered as against the dangers of grade cross- 
ings. 

New Orleans is an exceptionally flat city. 
It has a public belt railroad which switches 
for almost every important industry in the 
city. Could anybody conceive of much 
benefit or success to be derived from this 
road were it to cross every other railroad 
overhead instead of at grade, where con- 
nections can be easily and quickly made? 

Mobile, Ala. L. W. DUFFEE, C.E. 


{Comment on this letter will be found in 
the editorial pages.—EDITOR. | 


Design of Reinforced-Concrete 
Retaining Walls 


Sir: In designing reinforcement for 
conditions where both bending and direct 
load exist, as in retaining walls of rein- 
forced concrete, it is necessary to assume 
a certain amount of steel in the section and 
then calculate the resulting unit stresses. 
This is a tedious task, because the equa- 
tions involved usually entail the solution of 
a cubic equation for the depth of the 
neutral axis. For special cases, usually ap- 
plicable to arches only where the steel is of 
equal amount in both faces of the section 
and at depths of one-tenth the depth of the 
beam, access may be had to curves found in 
almost any text book on reinforced con- 
crete. In the case of retaining walls, steel 
is usually placed only on the tension side 
of the section, and, as far as the author 
has discovered, no curves have been plotted 
for the various factors. As the mathe- 
matical analysis is tedious, it has been 
found unprofitable in practice, because the 
labor of making these calculations is not 
justified by the saving in steel over the 
amount needed to provide for the moment, 
if the direct load is ignored. There is, 
however, a method whereby correct results 
may be obtained without going through 
the laborious calculations mentioned above. 

Assuming a linear variation in unit 
stress in a section we have the following 
conditions: First, that the unit stress in 
the steel divided by the ratio of the mod- 
ulus of elasticity of the steel and concrete 
is to the extreme fiber stress in the con- 
crete on the compressive side as the dis- 
tance from the center of the steel to the 
neutral axis of the section is to the dis- 
tance from the extreme fiber on the com- 
pressive side to the neutral axis; second, 
that the external bending moment, equal to 
the normal component of the resultant 
stress times the distance of this force from 
the neutral axis equals the moment of the 
total tensile and compressive stresses 
about the neutral axis; and, third, that the 
normal component of the resultant stress 
equals the algebraic sum of the total ten- 
sile and compressive stresses. 

Expressed in equations these three condi- 
tions are 


fs =nfe (d—kd)/d lb) 
2/8Ckd+T (d+kd) =Ne=M (2) 
CLiT=N (3) 

In which fs = unit stress in steel; f., unit 


stress in extreme fiber of the concrete; b, 
width of beam (assumed 12 in.); d, depth 
to steel; kd, depth to neutral axis of sec- 
tion; », modulus of elasticity of steel —— 
modulus of elasticity of concrete, assumed 
= 15; C, total compressive stress in section 


= 1/2 f-bkd; T, total tensile stress in 
section = fs; As; As, area of steel in sec- 
tion; N, normal component of resultant of 
overturning force and direct load; e, dis- 
tance from neutral axis to the point of 
application of N and M, bending moment. 

After obtaining M and N from the given 
conditions a tentative value of kd is as- 
sumed and C is determined and from this 
f- and then fs. Should these two latter 
values be satisfactory T is determined and 
from this As. If f- and fs are not satisfac- 
tory, kd is varied and new values deter- 
mined. After two or three variations of 
kd the values of f- and fs can be brought 
within the desired values and A, deter- 
mined. 


Assume an L-shaped retaining wall of 
the dimensions shown in Fig. 1 to retain a 
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level fill and assume that the wall is backed 
up with material weighing 100 lb. per cubic 
foot, and having an angle of repose of 1 
on 11%. Assuming a lateral coefficient as 
determined from Rankin’s formula, the 
overturning moment at the base of the face 
wall will be 


M = 0.286 & 100 K (21°/6) X-12 = 
530,000 in.-lb. 


The weight of the wall above the section 
assuming concrete at 150 Ib. per cubic 
foot = 6000 Ib. and its center of gravity is 
165% in. from the toe or 2% in. inside of 
the center of the base. The moment of the 
direct load about the center of the base is 
M’ = 6000 & (— 2%) = — 12,750 in.-lb. 

The net overturning moment about the 
center of the base is 517,250 in.-lb., and the 
point of application of the resultant 517,- 
250/6000 = 86.21 in. from the center of the 
base, or 71.96 in. from the toe as shown in 
Fig. 2. Taking moments about the center 
of the steel and assuming kd = 9 in. 


C = (98.46 & 6000) /23.5 = 25.200 Ib., 
fe = 25,200/(12 & 91%) = 466 lb per 
square inch, and 


fs = 466 X 15 & (17.5/9) = 18,600 Ib. 
per square inch. 


Assuming the maximum allowable unit 
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stresses to be 650 and 16,000 lb. per square 
inch respectively, the above values are too 
low, and the amount of reinforcement ex- 
cessive. Assuming kd smaller will increase 
these unit stresses. Let the next trial 
value, therefore, kd = 8 in. 


C = (98.46 & 6000) /23.83 = 24,800 lb. 


fe = 24,800/(12 & 8%) = 517 lb. per 
square inch, and 

fe = 917 K 15. X1C18.5/8)=117,900Mb; 
per square inch. 


The value of f; is too high. A value of 
kd may be determined close enough by 
direct interpolation between the two trial 
values. Although the variation of stress 
with variation of kd is not a linear vari- 
ation, the successive values determined 
above for the unit stress are near enough 
together so that the variation can be as- 
sumed linear between them. Therefore for 
fs = 16,000 lb., k d should be varied (17,900 
16,000) /(17,900 — 13,600) = 0.44 or as- 
sumed kd = 8.5 in., then C = 24,970 lb., f. 
= 490 Ib. per square inch and fs = 15,550 
lb. per square inch. 

This variation of f; from 16,000 lb. is 
within the usual variation in spacing of 
reinforcement. Then 


T = C—N = 18,970 lb. 


' A, = 18,970/15,550 = 1.22 sq. in. of steel 


required. 


This requires 1 in. square bars spaced 10 
in. on centers. Had the usual method been 
used the section would have been designed 
for a moment of 530,000 in.-lb. In this 
method the factor 7 = 1 — 1/3 k is usually 
assumed. Therefore assumed 7 = 0.9, then 
As = 530,000/ (16,000 * 9 K 26.5) = 1.39 
sq. in. or 1 in. square bars spaced 81% in. 
on centers. 

p = A;/bd = 0.0044 
and 
k= V/2pnX (pn)* — pn = 0.303 or 
T= 0899; 


This value of 7 is practically as assumed 
above. The saving of steel effected is 
therefore (10 — 814%)/10 = 15 per cent, 
which is worth while when no more work 
is involved than above. In some cases the 
position of the center of gravity of the wall 
will cause a larger negative moment about 
the center of the base, in comparison with 
the overturning moment, to be developed 
than in the above case, and in such cases the 
reduction in steel required would be still 
larger. As the height of the wall and like- 
wise the direct load increases this saving 
is also more noticeable. 
DONALD N. BECKER, 
Bridge Designing Engineer, City of 
Chicago. 
Chicago. 


HIGHWAYS IN WASHINGTON STATE was 
the subject of a paper read at the North 
Yakima good-roads convention by Mr. W. 
J. Roberts, retiring State highway com- 
missioner, who said that the State of 
Washington is now spending more than 
$5,000,000 per year on highways, exclusive 
of bond issues. The State highway com- 
mission, he said, expended $348,000 last 
year on State roads, will award $149,000 
worth of contracts at an early date and 
has plans completed for further work to 
cost about $116,000. At the present time 
the State of Washington, with an area of 
69,000 sq. miles, has 40,000 miles of roads.’ 


